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The purpose of th is  p rogram was to ( l e m o n H t  rate tha t  it is p~~ssib 1e to build
a l i g h t — w e i g h t  r i r i a t u r e  meteoro logica l  sonde (m i n i son d e )  which can be borne
alof t  by a 3 0— g r a m  latex bal loon.  Du r i n g  t h & s  p r o~~I -an , 8~~— c r a n  min i sondes
were  buil t  and suc( :e~~s~ u 1lv l aunched  w i t  1 30— ran I l l u ns . 1’he p -oi~ran1
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20 . A b s t r a c t  (( ‘ont.

h i g h - e f f i c i ency  electronics be used . l” or t e m p e r a t u r e  measu rement , the
s tandard  rod t h e r m i s t o r  was selected . l~’Qr humid i ty  measurement , the con-
ventional  V I Z  carbon hygr i s tor  was used . For p r e s s u r e  measurement , a
h oneywell  silicon diap hragm bar omete r was used.  To commuta t e  be tween  the
tempera ture , p ressure , and h u m i d i ty  sensors and encode the m e t e o r o l o g ic a l
dat a measurement s , a set of meteorological  e l ect ron ics  was deve loped  u sing
commerc ia l ly  availab le in tegra ted  c i rcu i t s . A special li g h t - we i g h t  t e l emet  r\
t r ansmi t t e r  pr oviding  an ou tpu t  of 1/ 2  watt  at 400 to 406 megaher tz  was
designed and constructed . Power for  the t r a n s m i t t e r  and minisonde elec-
t ron ics  was provided by a small f lat  disc ba t t e ry  using l i th ium e l e c t r - o c h e r n i c &l
t echnology.  Three minisondes we re launched using 30-gram latex bal loons
and t ose to an al t i tude of g rea te r  than 15, 000 feet  at a rise rate of approxi-
rnatelv  600 feet per minute .  I)uring the f l igh t , t empera tu re , p ressure , and
humid i ty  d a t a  were success fu l ly  t e l emete red  back to an Fi\1 rece i — .’er located
on the ground .
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I . I N [  1l()Dl .. ( ’l ’l (  )I\

1h e  Navy has a requ i rement  to measu re  a ver t ica l  p ro f i l e  of m dc>. of refrac-

tion f rom the surface of the ocean to  a he ight  of at least 20 , 000 fec~ . Ii  is

des i rab le  to make these m e a s u r e m e n t s  f rom m an y  classes of sh ip s . F~ i r i ~ :cr ,

it is desirable to make these  measurements  unde r  condit ions of calm or  L i g~ .

winds  and f rom essential ly nonmotion to fu l l  operational speed.

The purpose of this  program was to dem onstrate  that it is possible t o  b u i l d  a

l i gh t-we igh t  minia ture  meteorological  sonde (m in i sonde)  wh i ch  (:afl he b e-ne

~1 l ñ  b y a 3 0 — g r a m  latex bal loon.  In many  f ie ld  app l i ca t ions , it is dif f i c u l t  1 ( ~)

f i l l  and launch a ve ry  large balloon , e i ther  because of space 1ir..iu~tions or

because of high winds or o ther  environmental  condi t ions . U is :erv u s e f u l  t o

h av e  a balloon no larger than  30 inches in diameter  so tha t  it can he f i J l e d

w i t h i n  a room and carr ied  out th rough  a s tandard door for  l aunch ing .  (‘ak- u-

lat  ions s h o w  that  a 3 0 — g r a m  latex bal loon , w h e n  inf l a t e d  t o 30 i nc he s  in r i iare —

Es te r , wi l l  l if t  a min isonde inc lud ing  b a t t e r y  wh ich  has a w e i L du ot app - - t x  ju r. a e1~
85 g r am s at an ascent rate of 1, 000 fee t  per minute . It is now 1e chi ~o I o g i c a l l V

p os~~ih ie  o bui ld  an 85-gram minisonde tha t  is capable of m e a s u r i n g  ‘c m r e t : ~-

t o re , p r e ss u r e , and h u m i d i ty . Dur ing  t h i s  p r o gr a m , 8 5— g r a m  m i u is o~des

were b ui l t  and s u c c e s s f u l ly  launched wi th  30-gram bal loons .

dc })rugra ro  was b r o k e n  down into t w o  par ts  — t i r s t , t he a s s emb ly  of f t .

m in i sondes  and , second , the  launching  and data reduct ion  for  t h e s e  m i n i -

sondes . The cons t ruc t ion  of a small, l i gh t-we igh t  minisonde r equ i r e s  t h a t

new min ia tu re  sensors and h igh-e f f ic iency  e lec t ronics  he used.  For t em p cr a -

t u r e  m ea s u r e m e n t , the s tandard rod t h e r m i s t o r  was selected.  For h un  id i tv

measurement , t h e  conventional  VIZ carbon hy g r i s t o r  wa s used because  of i t s

l i i ~ht  weight . For  p r e s su re  measu remen t , a Honeywel l  sil icon diap h r a g n L

b a r o me t e r  was used.  This p ressu re  sensor  c ons i s t s of a small  si ln - m ch ip

( 1
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wi th  s t r a in - sens i t ive  res is tors  d i f fused  into the  surface.  This sensor is

mounted  on an evacuated tube  so tha t  changes in absolute pressure  can be

measured . To commutate  between the t empera ture, pressure, and humidi ty
sensors and encode the meteorological data measurements, a set of meteor-

ological e lect ronics  was developed using commercially available integrated

circuits.  By the use of integrated c i rcui t s , it is possible to achieve all the

commutat ion funct ions  in a small m d  par t icu lar ly  l ight-weight  package. The
sensors are commutated on a t ime basis , with a complete cycle every 400

milliseconds. At a rise rate of 1, 000 feet per minute , this gives a complete

set of data every 7 feet of a l t i tude . A special l ight-weight  te lemetry trans-

mitter  providing an output  of 1/2 watt  at 400 to 406 megahertz was designed

and constructed by the Honeywell  Test Instruments Division (TID) ,  Annapolis ,

iViaryland. Power for  the t r ansmi t t e r  and minisonde electronics was provided
b y a small flat disc bat tery constructed by the H oneywell Power Sources

Center  (PSC) using li thium electrochemical  technology.  The ba t t e ry  consisted
of four  Honeywell  G3060 cells with an initial voltage of 11 .6  volts .

To il lustrate the operational capabilitie s, three minisondes were launched at

Honeywell’ s Annapolis operations during the week of 14 February  1977. These

minisondes we re launched using 30-gram latex balloons and rose to an al t i tude

of greater  than 15, 000 feet at a rise rate of approximately 600 feet per minute.
During the flight , temperature, pressure, and humidi ty  data were successful ly
telemetered back to an FM receiver located on the ground .
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II , T’.IINISONDI ’l COM 1’ONJ - :NJ ~~

A . PRESSURE SENSOR

The silicon diaphragm barometer is au all so l id—sta t e  pr e s sur e  tr:.lns( 1 11u -E-I ’ .
• ft u t i l izes a chip of silicon on which s t ra in—sensi t ive  r es is tors  ha-n - U i - i - f l

d i f fused . The back of the silicon chip is etched away to l -O\ ’c- a th in  f l t - x i h 1 ~ -
d iaphragm.  This chip is mounted on a small evacuated containe r so t l r ~’
absolute pressure  changes can be sensed . As the pressure  on the d i aph t - at t t -- !

- 
- 

changes with barometric pressure changes , the diaphragm floxe~ and c l i a t im-s

~E tc  ‘eSj St a f l ce  of the diffused s t ra in—sens i t iv e  resistors on the su z - fu i-e . I bis
,J if f c r ’ent ia l  pressure is amplified w i t h  an external  ope i ’ational a m p l i f i - c  t o
produce an output signal which is proportional to absolute p r e s su r e  over a
range from 0—1500 millihars . The sys tem is t empera tu re  C’ mp r -n sa t ed  to
operate over a range from -50 to ÷50°C .

‘hotoeu -aphs  of the silicon diaphragm barometer  arc shown in l i gures 1 - e d  2 ,

!he electronic amplif ier  and t empera tu re  compensation n e t w or k s  are mounted
on a thick-f i lm ceramic substrate .  The barometer  chip can he seen in

~~~ 

- 

igure  1 in the ri ght hand corner . In Figure 2 , the vacuum charnh -r for the
barometer  is seen in the upper left hand corner . The white spots on t h t -  sub-
s t ra te  are caused by the automatic computer-controlled tr imi-ning of the
resistor elements to adjust the span and range of the t r a n s d uc e r .

The output signal s on the solid—state barometer  are line n- and t at i o l n et  i-i-

with powe r supply voltage as shown in Fi gure 3 . Both the ful l-scale signal
and the null voltage are proportional to power supply voltage , The exac t value
of barometr ic  pressure can he calculated from the expression in E quot i on  1:

102 1P ~~
—

~
—- (V - 0. 087 V .(~) ( 1 )

cc C
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Figure 1. Silicon Diaphragm Barometer  Mounted
on Ceramic Substrate , Front View
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Figu re 2. Silicon Diap hrag m Ba rometer  Mounted
on Ceramic Substrate , Back View
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where:

P = Pressure in millibars .

= Supply voltage in volts .

V = Barometer output in volts .

All barometers, as presently manufac tured, meet an accuracy of 1 percent of

full sca1.~ over the full range of pressure arid temperature. For barometric

units , the sensors are recalibrated. The repeatibility and hysteresis as
measured are less than 0. 25 millibar. The measured output of five pressure

- 

~~, transducer models is shown in Table 1. For the minisonde, our goal is an
RMS accuracy of 1 millibar ,

The silicon diaphragm barometers are temperature compensated to better

than 0. 09 millibar per ~( . For a typ ical operating tempera ture  range of +50

to -50°C , this would give a temperature induc ed error of ±5 millibars over

-: the temperature range. This would indicate that a temperature correction

should be introduced in the data reduction period. To determine the thermal

lag of the barometer , a sensor and substrat e were mounted in a temperature

chamber . In the chamber , temperature was lowered at a typical adiabatic

lapse rat e of 2°C per minute to simulate a typical flight . The temperature

lags between the air temperature and substrate temperature are shown in
Figure 4 . It can be seen that the substrate tracks very closely to free air

temperature. In actual operation, the barometer must be shielded to prevent

RF ‘it-kup within the barometer electronics . In this case , there is an

additional thermal lag between the barometer and the free air temperature.
A shielded barometer  was placed in the temperature chamber and cooled at a

rate of 2°C per minute as shown in Figure 5. The temperature compensating

element lagged the free air temperature by about 8°C , which would correspond

to an error of 0. 8 millibar.

‘
I 
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Table 1. Measured Outpu t  \ oltage for  I - i n s
Silicon Diap hragm B a r o m e t e r s

Pressure Output Voltage for Silicon Diap hragm I t e i - o m i - t c r  ~~-j ee I

J~\U l l i ba r sj  1 4 9 10 11

50 1.015 1. 014 0 . ( t c) 7  1. 003 0 . 97 3

100 1. 254 1. 252 1. 208 1. 2 4 2  
- 

1 . 22 0
150 1.495 1. 492 1.433 1. 4 82 1. 4 4

200 1. 736 1. 730 1.659 1. 722 1. 6 79

250 1.976 1. 969 1.887 1 .962 1. 90°
300 2 . 216 2 . 208 2 .115 2 . 202 2 . 141
350 2 , 4 5 6  2 , 445 2 , 3 45 2 . 442 2 . 3 73
400 2 . 694 2 . 682 2 . 57 6 2 , 680 2 . 606

450 2 .931 2 . 919 2 . 808 2 . 918 2 . 839
sOO 3 . 166 3 .  154 3. 041 3. 154 3 . 072

550 3. 400 3. 388 3. 276  3 . 389 3. 306

800 3 . 632 3. 620 3 . 510 3 . 62 1 3 . 5 ;o
3, 862 3, 852 3. 747  3 .853  -3 . 775

700 4 .091 4. 082 3. 934 4 . 083 -1 . U l ( ’

750 4 , 317 4 . 310 4 . 222  4. 310 4 . 2- i

800 4 .541 4. 537 4 . 460 4 . 536 4 . 47 8

850 4. 763 4. 762 4 . 700 4 . 760 4 . 7 13

900 4 .983  4 . 985 4 . 740 4 . U:0 4 . 94 7

950 5 . 201 5 . 207 5 . 182 5 . 200 5 . 142

1000 5 .4 16 5 . 426 - 5 . 422 5 . 416 5 . 4 1 5

1050 5 . 6 3 3  5 . 649 5 . 6 6 9  5 . 636 3 . 654

Input = 9, 000 ± 0 . 001 VDC
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This e r ro r  is small  enoug h that  the n u e l su r e d  f r ee  a i r  t ( - f l 3 p e r a t u r l -  ( 0 ( 1  1(

used to correct  the t e m p e rat u r e  lag. If a more ex ai -t  compensat ion is c1 ( s i l ( - ) I ,
cor rec t ion  foe a sing le t ime constant  lag can also he in t roduced  in t i l l  c lo ta

processing.

E’o Co!1v’ ’ rt f rom pr essure  to a l t i t ud ( c , the ha t ’omn e te t -  T - 100t i  n s hu - :u  in

i : lt l at ion 2 is used :

-

\~ci~ere:

f l  = 0 . 21 for dcv air .

n 0 . 19 fo tc typical a tmosphere  at 1~~ ( .

T = Tempera ture  at sea level in = T 1 18~N .
0

= 53 , 35 feet  per °K .

= Sea level p r e ssur e  in 1013 mill iba rs ,

P = Prc~ssuIe at minisoncle a l t i tude .

P
1 

= l aunch pr ess t t re .

H Height (altitude) in ~~~~

~ u t I s t i n 1 t i n C  in - - 100tiol l  2 for  a sea level ~I - f l ~ 9 ( - (  - - t I l l - of 15 ( and a see iT - ~: k - L

P ‘f - s s u r e  of 1013 n i i l l ih ars , ~~ I~ uo~ ion 3:

/ i’
~ 

\ o . in  7 
~~ ~ o . 12

‘I FT = 145000 (-
~

-
~ 

I 
— 

ç 1013) 
(3)

_ _  
. %  -~~~

‘
~~~~~~~~~~~~~ 1
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Reducing this equation , we get an expression for  a l t i tude versus  pressure

in more usable form , as shown in Equation 4:

H = 3 9 1 0 0 ( P L
°’ ’9 _ p °

~~
9 )

B . TEMPERATURE AND HUMIDITY SENSORS

For temperature  sensing, a white-painted rod thermistor (VIZ Model 1162-
230 ) was used with temperature characterist ics as shown in Table 2 ,

Table 2 . Temperature Versus  Thermistor Resistance Ratio

Temperature (° C) Ratio
+40 0. 798
+30 1. 0 0 0

+20 1.270

• +10 1 . 6 3 5

0 2 .139
—10 2 .8 4 7

— 2 0  3 . 8 5 9
“cc -30 5 . 3 4 1

—40 7 . 561
—50 10 . 97

— 6 0  16 . 37

— 7 0  25 . 17

-80 40 , 04
—90 66 , 07

Each thermistor  is furn ished  with a lock-in resistance calibration at 30°C .
The resistance ratio in Table 2 represent s the ratio of actual thermistor

resistance at any temperature T compared with the resistance at 30°C. The

lock-in resistance is normally 14, 000 ohm s. The resistance ratio versus

temperature  expression can be expressed more exactly as shown in Equation 5:

10
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“1 271 3 . 6

4 ~~~ 
+ T - 32 . 6 5  

(2 7 3 .~~ + T
r = 3 .3 7 9  ( l O ) e

where:

r = Ratio of resistance at temperature  T to resistance at 30°C .

T = Air temperature in °K .

By solving Equation 5 for temperature, a more useful fo rm of the the rmis to r
equation is derived , as shown in Equation 6:

T ~[[24~~. ~ - (273 . 2) 2 
+ ( 6 )

/ r \ 1/2715 .6
A — i n  I

\3. 379 ( i 0 )

B _ 546 , 3 2 A _  1
2A

The desired accuracy of temperature measurement  is 0. 1°C .

~ carbon hygristor manufactured by VIZ was used for humidity sensing ( \1 Z ,
iViodel 1163-50) . Each hygristor is furnished with a lock-in resistance cali-
bration value at 33 percent relative humidity.  Using the ratio of measured
resistance to lock-in resistance, the humidit y can be determined from Table 3.
The desired accuracy of humidity measurement is 5 percent relative humidity .

The humidity element has a 250, 000-ohm ~l percent resistor connected in
parallel and a 7 , 100-ohm ~ 1 percent  resistor connected in series with the
above parallel combination. This configuration provides a humidi ty  input

11
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Table 3. Ratio of Resistance at Given Relative Humidity
and Temperature to that at 33 Percent Relative
Humidity and 25°C

Relative Ratio of Resistance and Temperature
Hu midity

(Percent) +40° C +25 ° C 0° C -40° C

10 0, 61 0 . 585 0 . 55 0 . 52
15 0. 72 0 . 695 0 . 65 0. 62
20 0, 8 2  0 .800  0 . 78 0 . 74

25 0 . 89 0. 875 0 . 85 0 . 82
30 0 . 9 5  0 . 940 0 , 9 2  0 ,90

33 1, 00 1.00 1. 00 1.00
35 1 .04 1.05 1. 06 1. 10
40 1.15 1. 175 1. 23 1. 3

45 1. 27 1.32 1.40 1.63
50 1.47  1, 5 8  1. 75 2 . 23

55 1. 8 5  2 .00  2 , 35 3 . 1
60 2 . 3 2 .50  3 . 1  4 . 2

65 3. 3, 25 4.1 6 . 5

70 4 . 4 , 5  6 . 10. 2
75 6 .4  7 .3  9 .8 17 .
80 10. 12 . 17 . 29 ,

85 16. 1 8 . 5  26 . — ——
90 23 . 29. 44. ———

_________________ _____________ ____________ _____________ 

:::
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resistance of 257 , 100 ohms with an open humidi ty  element and 7 , 100 ohms

with a shorted humidity element . Both the 250 , 000-ohm and 7, 100-ohm

resistors have a temperature coefficient of ±100 part s per mil l ion .

The hygristor is mounted in low-mass  metal spring clips to minimize  t !o~
obstruction in air flow . It is desirable to have a hygris tor  mounted in such a

way as to see the free air tempera ture  and humidity.

To determine humidity,  it is necessary to determine the resistance of the

hygristor separately from the humidity resistance network . The resistance

of the hygristo r can be determined from Equation 7:

— ( R - 7 . i)  250 —R h - 250 - (R-7. 1) 
( 1 )

where:

R Network resistance.

ft h = ~e~~ist Jn c e  of h v g r - i s t o r  in K ohms (ohms x l0~~

V corn this resistance and the lock-in value , humidity can be determined

from Table 3.

(1’ , T~1ETEORO I~OGIC \ I  - i - I 1: C H-~ON[ C ’S

~ meteorological sond e is used to measure the temperature, pressure, and

humidity profile of the atmosphere . To do this , a sond e must have three

parts — the sensors which measure  the meteorolog ical environment and a

set of meteorological electronics which serves as the brain to t ransfer  these

data through a transmit ter , which is the third part of the sond e, the voice.

13
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The meteorolog ical electronics serve two main functions ; the firs t is to
commutate or switch between the sensors in sequenc e . The second function
is to take the voltage readout of the sensors and encode these data as a fre-
quenc y so that it can be telemetered back to the ground . Figure 6 shows a
complete circuit diagram of the minisonde meteorological electronics. The
two functions can be observed from this diagram . The commutating or
switching function is provided by integrated circuits Ui , U2 , and U3 . Ui is
a C MOS logic circuit connected as a 10—hertz oscillator which serves as a
clock ticking at a 0. 1-second rate . This clock drives a flip flop (U2 )  which
converts the clock to a switching Signal to operate the solid-state switch (U3 ) .
The solid-state switch connects each of the sensors in tu rn through the voltage-
to-frequency converter part of the circuit . The encoding function is provided
by semiconductors U4 and US . U4A serves as a buffe r for the voltage signal
from the sensors. U4B is a voltage-tuned current  source used to operate
the voltage-to-frequency converter stage (U5 ) .  U5 provides an output fre-
quency in the 0-2 . 000 hertz frequency range that is linearly proportional to
the voltage signal from the sensors. The output voltage from the sensors is
restricted so that the modulating frequencies do not exceed a range of 200-
2 , 000 hertz .

The voltage encoding oscillator has essentially instantaneous response to
changes in sensor output . The voltage-controlled oscillator (VCO), serving
as a voltage-to-frequency converter , will respond to the input drive voltage
from the sensors on a cycle-by-cycle basis; i . e. ,  it is able to respond to a
change in sensor output within 1/1 , 000 of 1 second or less. The effect ive
response time of the system is limited primarily by the speed of response of
the sensors and the clock commutation frequency. The 0. 1-second commuta-
tion rate gives an output from all sensors every 0. 4 of 1 second , which is
equivalent to about every 7 feet of vertical ascent .

Going through the circuit now in more detail to describe the total circuit
ope ration , Ui  is one-half of a CMOS NOR gate connected as a monostable

14
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mult ivibrator. Its iO-her tz  oscillation frequency is determined by capacitor

Cl and resistor R2 . The oscillation frequency is nearly independent of suppl y

voltage and temperature . 1’o operate the commutator switch U3 , a binary

counting signal is required . This binary count is provided by the two-stage

flip flop (U2A and U2B ) .  U2  is a CMOS flip flop connected as a serial counter

to count down the 10-hertz clock signals and provide a 1/10-second commuta-

ting signal to the solid-state switch U3. The commutation sequence is high

reference, temperature, pressure, humidity,  and back to high reference again .

The high reference signal is used to calibrate the oscillator and correct for

changes in supply voltage (V~~~~). The high reference signal is established by the

resistive divider (R 5 arid R 6 ) .  The high reference is the highest voltage pro-

vided by any of the sensors over their expected range of operation, so it can

always be used to identify the beg inning of a commutation cycle. The relative

humidity elemen~, the carbon hygristor, is paralleled by 249 , 000-ohm resis-

tor (R4 ) and in series with a 7 , 150-ohm resistor (R3) .  These element s limit

• the ma~~mum excursion of the sensor rssistance to maintain the VCO ire-

quency in the 200-2 , 000 hertz range . The output signal from the humidity

element is formed by the top network divider connecting to iX and resistor

R7 . To select the relative humidity reading , terminal 1X is connected to X
cc and terminal lY is connected to Y to form the divider. The pressure signal

is a voltage proportional to pressure and supply voltage provided by the

silicon diaphragm barometer as discussed previously. To commutate the

pressure signal , 2X is connected to X on U3 . No additional reference resistor

is used . The temperature signal is provided by a divider formed by the

thermistor resistance and reference resistor R7 .

The commutation switchi ng is provided by a CMOS 40 52 switch shown as U3

in the diagram of Figure 6. This is a four-pole double-throw switch commu-

tated by the binary signal from flip f lop 1 2 .

The output voltage from the commutator  is buffered by the unity-gain-

connected operational ampl i f i er  (U 4 - \ ) . -\ resistive divider consisting of

16
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resistors R i O  arid Ru at tenuate the input voltage signal by one- th i rd  to n :lin-

ta m the vol t age—to—frequency  conver ter  in its most  linear reg ion . t h e  \ ( ( )

oper ates ;  best when the input signals are less than half of the supply voltage
l’he operational amplifier U4B serves as a voltage variable CU r -re n t

source to provide a more linear t ransfe r  function f rom \c( Q 15  ‘[he V ( ( )  is
- 

- c 
a 4151 integrated circui t  V O , Its output is a pulse ~—i th  a var iable  r e p e t D iu n
rate proportional to input voltage. 1’he pulse width is set at 100 microseconds ,

-; which is determined by the value of resistor R 13 . A 3-volt peak-to-peak signal
fully modulates the t ransmitter. The output level can be adjusted with resis-
tor R14 .

To stabilize circuit  operation , an I • \ I  723 integrated c i rcui t  power supply

regulator is used (shown as U 6 ) .  Resis tor  H1 8 was selected to obtain an

output voltage of 9 volts .

So that the meteorologic data can be telemetered down to the ground , it is
necessary to encode the voltage signals f rom each of the sensors . c[he

implest method , and the one generally used for  metsondes . is to convert
the voltage signal to a frequency which can then be decoded on the ground to

~~ obtain voltage again . The data eucoding, as shown in Figure 6 , is accor--

pu shed with a VCO , or vol tage- to-frequency conver ter , using a 4151 inte-
grated circuit  (U S) .  To obtain accurate encoding and decoding of tile data ,
it is necessary to know the transfer function of the VCO very accura te ly.  It

is not necessary tha t  the VCO be l inear , only that  the charac ter i s t ic  be

known . In the case of the 4 1 1  integrated circuit \ (cQ , i t  is v e ry  ne~l r - l

l inear  by  i~ self , with maximum deviat ions of 0. 3 percent .  This deviation f r o m

lineari ty w ill be correc ted  in the processor  by adding a second-order correc-
-c ‘ ion t o the :in r equat ion .

It is not necessary that a V ( () be accurate ;  i . e . , it is not essential that the

output f requency of all uni ts  be tile same for  the same voltage. It is , how-

eve r , necessary that they be reproducible . -\ny change in the slope of the

17
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VC() or its ga in  ~an be compe-1s: lto i  by t he  use of a known refe ren ce vol tage ,
which , in t h i s  case , is called the hi gh reference . The high reference is thu s

able to compensa te  for  changes  in sensor  output  due to changes  in supp ly

vol tage  
~

‘C( ’ as well as cor rec t ing  for  changes  in amp l i f i e r  gai l or changes

in osc i l la tor  slope or s en s i t i v i ty . The 4 15 1 in tegra ted  c i r cu i t  VCO has an
output  tha t  is 0 in f r e q u e n c y  with  0 i npu t  voltage . That means  that  the  scope

is nearl y a s t ra ight  l ine described by Y = mX , Thus , the slope m can be

def ined  if one value  is known  such as the hig h refe rence . Sin ce  the accuracy
of the  total  m e a s u r e m e n t  is dependen t  on the de f i n i t i on  of the  t r a n s f e r func-

t ion for  t he  VCO , th is  t r a n s f e r  func t ion  was measured for  a var ie ty  of con-

di t ions . The \7 C0 output  was measured over  the total voltage range , over

the supply voltage range , over  the total t e m p e r a t u r e  range , and was even

measured  for  f ive  d i f f e r e n t  4151 in tegra ted  circui t  VCO , Figures  7 and 8

show the  voltage t r an s f e r  func t ion  of a typ ical 4151 integ rated c i rcu i t  \C O .
Figure 8 is over a reduced ra nge of voltage to i l lus t ra te  the  non l inear i ty

below 1 volt. Because of the l ineari ty of th is  osci l la tor , it is d i f f i cu l t  to

visua l ize  the deviat ion f r o m  l ineari ty.  To bet ter  i l lus t rate this  dev ia t ion ,
the successive plots show onl y a variat ion f rom a s t ra ight-l ine  fit . Adthough

the nonl inear i t i es  are much  less than 1 pe rcen t , they are now readi ly  vis ible ,

as shown in Figures  9 - 13. In these figu res , the power supply voltage

was changed f rom 13. 6 volts down to 10 volts to i l lus t ra te  the e f fec t  on tra ri s-

fe r  funct ion . It can be seen that , with the regula tor  used , the re  is no signi-

f icant  change in the t r a n s f e r charac te r i s t i c  of the \C O . Figure  11 shows the
- - f ir s t  1. 5 volt s of the curve  in more detai l  to bet ter  i l lus t ra te  the deviat ion

fro m lineari ty in this  region. It can be seen that  t h e r e  are two charac te r i s t i c s ;

one below 1. 5 volts and the other in region zones 1. 5 to 6. 0 volts. The c u r v e

• is locked in at 6. 0 volts by the hig h re fe rence .

To illust rate the e f f ec t  of t empera tu re  on the \‘C() t r an s f e r  func t ion , one of

the in tegrated c i rcui t s was measured over the  t e m p e r a t u r e  range fro m -20 to

+70°C , as shown in Fi g u r e s  14- 18 . As can be seen , the t e m p e r a t u r e  does not

18
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have a significant e f f e c t  on the t r a n s f e r  func t ion  or the  VCO l inear i ty  cor-

rect ion curve.  These measurement s  versus t e m p er a t u r e  are  typical of th e

per formance  that can be expected of the 4151 integrated c i rcui t  \‘CU . 1’ou r

additional units were measured , as shown by the data in Appendix A . To

determine the e f fec t  of the current  source U4B on the \C0  l i n e a r i ty , the

t r a n s f e r  function was measured  using fou r d i f f e rent LM 124 ’ s, as shown in

Appendix —‘ . The LM 124 has no signif icant  e f fec t  on the cal ibrat ion c u r s e .

D. TELEMETRY TRANSMITTER

Since the meteorological information is being remotel y sensed , it is necessary

to t r a n s f e r  th i s  informat ion  to the  grou nd . -~ t e l emet ry  t r a n s mi t t e r  is used to

te lemete r  the meteorological serisored data to a receive r and processor lo-

cated on the ground . The t ransmi t ter  mu st be small and part icularly lig h t -

weig ht so that it can be launched with a 30-gram balloon . In addit ion , the

t r ansmi t t e r  must  be very  ef f ic ient  so that a m i n i m u m  amount  of bat tery

• weight  is required to power the t r ansmi t t e r. The t r ansmi t t e r  design is a

0. 5-watt FM t r a nsm i t t e r  ope rMi~~ in the 400-406 megaher tz  range . The

t r a n s m i t t e r  is f requency modulated with a pulsed signal of 100-microsecond

wide pulses with a repet i t ion rate of 2 00-2 , 000 h e r t z . The t e l e m e t ry  trans-

n-t itter should have su f f i c i en t  power to operate over a t e l e m e t r y  range of 25

miles and provide s uf f i c i e n t  signal strength that it can be received by a telem-

e t rv  rece iver  operating in a typical high elec t romagnet ic  i n t e r f e r e n c e  env i ron -

ment on ship board .

The goal of the t r ansmi t t er  development was to design a t r a n s m i t t e r  to rep lace

the  conventional  sing le t ransis tor  powe r oscillator type t r ansmi t t e r  while re-

ducing the weight and size of the trans mitter by approxi m a te ly  70 pe rcen t  and

improving  its electrical cha racterist ics. The t r a n s m i t t e r  design and con-

s tr u c t i o n  was p e r f o r m e d  by h oneywell’ s Annapolis  operat ions .
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1. Tele met ry Transmitter Specifications

The specifications for the telemetry transmit ter  are shown in Table 4.

Table 4 . Specifications for Telemetry Transmitter

Center Frequency (F 0) 400 to 406 megahertz
Frequency Dr ift 1 megahertz
Power Out 0. 5 watt (+27 decibels referred

to 1 milliwatt)
Operationa l Voltage +13. 5 VDC to +10 VDC
Batt ery Drain 120 milliamperes maximum
Antenna Gain 0 decibels
Weight 15 grams
Modulation FM
Operationa l Temperature -50 °C to +50 ° C

Six models of the t ransmit ter  we re const ructed and tested , with the results as
tabulated in Table 5. It can be seen that the t ransmitters  operate well ove r
the entire frequency rang e of -50 to +50° C and over the total supply voltage

range. There is no power supply regulation required to maintain stable out-
put frequencies f rom this t ransmit ter . The per formance of the t ransmit ters
meet the specifications as listed in Table 4.
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Table 5. Te lemet ry  Transmit ter  Test  Data
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2. Genera l Descri ption

-s . Mechanical -- The overall size of the complete trans mitter unit is 2 . 25

inches in leng th , 1. 0 inch in width , and 0. 5 inch in hei ght . Requirements  for
ease of packaging made the selection of the antenna of pa rticular importance .
The an tenna was to be light in weight , du rable, capable of being folded in
ship ment and storage , and t hen , when released for operational use , become
an effec tive isot rop ic radiator . The material used was an 0. 1-inch -wide

str ip of blue-tempered steel , 7. 75 inches in length . This material had the
resilie ncy and electrical p roperties required .

b. Electrical -- The required output power delive red to the antenna was 0. 5
watt with a fully char ged battery. The design effort  was to delive r a minimu m
of 0. 5 watt degraded by a maximu m 3 decibels ove r temperature and battery
life. While maintaining the required power out , the unit was to remain fre —
quency stable . The transmit ter  gua rds against any external RF signals which —
may cause interference with either the modulation or RF characteristics by
employin g an RF shield around the entire package.

c. Tech nical Approach -- An initial goal for frequency stability was not to
exceed a total frequency drif t of 1 megahert z regardless of temperature or
battery voltage. A diagra m of the t ransmit ter  circuit is shown in Figure 19.
The basic concept of using three stages of active circuitry was selected to
en sure that frequency stability would be maintained , The in termediate stage
between the oscillator and power amplifier gave good buffer ing action , isolat -
ing the antenna and power ampli f ier  fro m the oscillator .

The uniqu e biasing of the power ampli f ier  requires only a small regu la t ion

current  throug h the resistive divider network biasing the intermediate buf fe r .
The biasing network also changes the bias current to the power ampl i f ier  to
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compensate for  t empera ture  variations. The power out neve r changes more

than  1 decibel ove r temperatu re.

Frequency modulation is imp lemented by the use of a varactor which cont rols

the deviation by the ampli tude of the input modulating signal.

3 . Telemetry Range

To determine  the received HF te lemetry signal level , the received signal

level is subtracted f rom the receive r noise threshold 
~~RT• Power at

the receive r is given by:

(8)

where :

~~R Receive r power in decibels .

= Path attenuation between isotropic

radiators in decibels.

GA = Rece iver  antenna gain in decibels .

= Transmi t ted  powe r watts in decibels.

Path a t tenuat ion  ~ is:
I-

71 = 3 6 . 6 + 2 O log f + 2 O lOg d ( 9)

where:

f = Frequency in megahert z .

d Distance in miles.
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Pot - a t e l e m e try  range of 25 miles and a f r e q u e n cy  of 403 m e g a h e r t z :

= 36 . 6 + 20 log 403 + 20 log 25

= 36 . 6 + 52 . 1 + 28

= 117-decibel path a t tenua t ion .

-\ s surn ing  the t r ansmi t t ing  antenna has a gain of 0 decibels , t he  radiated
power is 316 mill iwatts or -5 decibels . A di pole antenna has a gain of
6 decibels. The received power will be P R -5 - 117 +6 — 1 1 6  decibels .

The noise th resho ld  of a receive r is:

P~~~~= P \ + l O lOg B W + N F  ( 10)

whe re :

R ecei \ - c- ’r noise th resho ld .

Thermal  noise limit -204 decibels per  he r t z .

system noise bandwid th .

- - N P  Receiver  noise f igu re

T h e r m a l  noise power in a 1-her t z bandwidth is -204  decibel s. Assu ming a
rece ive r  with a 100-ki loher tz  IF bandwidth , the noise level  is increased by

50 decibels because of the  increased noise b a n d w i d t h . ‘~ typical  FM t e l e m e t ry

receiver  has a noise f i g u r e  of less than 6 decibels .

Noise th reshold  of the receiver  is 
~~RT -204 + 50 + 6 = -148 decibels. Thu s ,

the received signal wi l l  be - 1 16  decibels , whi le  the receive r noise t h t - c s l i o l a

- . d l l  he -148 decibels , which  g ives  a signal -to~noise rat io (P 1k 
- 

~~RT~ 
of

32 l I e c i l , ( - ’ l g  at the m a x i m u m  t e l eme t ry  range of 25 mi les . This will p rov ide
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an adequate signal margin to minimize  in terference f rom near by RF sources
such as rada r or other communicat ion equipment .

Thi s sensit ivi ty is based on th e us e of a di pole receiving antenna which ,
although low in gain , has the advantage of a wide antenna beam angle . In
operation , it only needs to be aimed broadside to the direction of the minisonde
ascent .

4. Recommendations and Conclusion s

By examining the data, it can be seen that the greatest frequency drilt ove r
temperature is 0. 7 megahertz and the median frequency drift  is approxi-
ma tely 0. 4 megahertz . Af te r  the t ransmit ter  uni ts  were packaged with the i r
RF shield and antenna connected , the frequencies of the units  were readjusted
to 404 megahert z .

The total nominal powe r va riation is 2 - 3 decibels over temperatu re and
• va riation .

A reduction in weight for the total miriisonde may be realized by reducing
the size of the battery . Battery size may be reduced due to less power con-
sumption. The power ampl i f i e r  in the t ransmi t te r  could be controlled by a

- - logarithmic device which operates as a fu nction of the al t i tude t ransducer .
As the balloon ascends , the  power out will increase at a logarithmic rate.
Thi s wil l provide a lower power out at close distance and increase the powe r
out as the distance between t ransmi t te r  and receiver increases ,

If a larger quantit y of un i t s  to be ma nu factured should be required , an inves-
tigation into the feasibili ty of th ick- f i lm hy bridin g the transmitters should be
made. he main ben ef i ts  would be an increase in the pr oduction rate and a
cost r-eduction for manufacture.
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A f t e r  testing these unit s, it was found that the t r a n s m i t t e r  is very clean;

i . e . ,  the output  is low in harmonic  content and very low in dis tor t ion . T h i s

is hel p ful in obtaining good data reduction in the processor . The t r a n s m i t t e r

f requency is ve ry insensit ive to external  loading on the antenna.  This is

rather  unusua l  because most of the  present  sondes are  v e ry  susceptible to

motion of the hand or the g round in p rox imi ty  to the t e l emet ry  antennn .

\Vith this  t ransmi t te r, it is possibl e to touch the antenna , and f requency  is

su f f i c i en t l y stabl e so that  the receive r will still ma in ta in  the f r e q u e n cy  lock.
- 

- Apparently, th is  is due to the decoup ling act ion provided  by the  second hu ’ier

stage in the  t ransmi t te r.

F . BATTERY

The bat tery for  the  minisonde should weig ht less than 30 g rams  and be

capable of powering the minisonde for 30 minutes .  Based on a 1, 000-foot -

p e r -m i n u t e  rise rate , th i s  will give a 30 , 000-foot ve rtical prof i le  measu re-

mer it . The bat ter -v  weight  and l ir e t i m e  requ i rement s are i n t e r r e l a t e d . To

enable the  minisonde to operate longer , a la rger and hea vier battery w i th

g rea te r  capacity could he used . but that  would mean that the balloon would

rise at a slower rate and it would t h e r e f o r e  take a longer t ime to 1-each

30 , 000 feet . Thus , the only real improvemen t  is to have a bat tery  with a

bet ter  ene rgy-to -we igh t  ratio.

The m ini sonde  requires  a c u r r e n t  of approximatel y 135 mil l iamperes when

operat ing at 13. 5 volt s. ~Uost of th i s  cu r r en t  is consumed by the  t r a n s m i t t e r ,

which draws 120 mil l iamperes. The t r ansmi t te r  load appears  to he like a

res i s t ive  load of 100 ohms . The t rans mit ter  draws 120 mi l l i ampeces  at

i :~. 6 volts and about 85 millia mperes  at 10 volts . The meteorological d cc-

I ronies draw a constant 15 mi l l iamperes  additional c u r r e n t .
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Four types of batteries were considered for the minisonde - a conventional
water-activated battery and three  types or sizes of l i thium batteries . Each
of these will now be discussed in more detail .

1. Eagle-Picher  Water-Activated Battery

To obtain information on the conventional water-activated battci -y, we spoke
to Mr . V. Devore at the Eagle-Picher plant in Socorro , New Mexico. This
plant ma nu factures  the magnesiu m-copper chloride battery currentl y used

by the US weather bu reau and other sonde users . The battery was specified
at that time as a 12-volt , 80-milliampere battery with a 15-minute operating
life ,

Eag le-Picher makes a battery tha t is 1 inch wide , 2 inches hig h , a n d 1. 5
inches deep. It provides a current of 430 milliamperes for 30 minutes.
Eagle-Picher can make a smaller and lighter 12-volt battery by connecting
eight or nine of their  D-size cells in series. Such a battery would be 1 inch
by 1. 25 inches by 1. 5 inches (1 . 88 cubic inches) in size. The battery weight
could possibly be cut to about 60 to 75 grams. This weight is for a full y

I

‘ activated battery. In production at rates of about 2, 000 to 10, 000 batteries
per year , the cost would be f rom $1. 25 to $1. 50 each . Based on the most
recent tests , the battery has a shelf l ife of at least 7 years if maintained in
a sealed , dry environment . Eagle-Picher predicts a 10-year shelf life . If

the battery is stored under  ambient conditions , it has a shelf life of about
10 to 100 days , depending on hu midity.

This battery was rejected on the basis of its weight since it weig hs more
than twice the required weight. In fact , it weights almost as much as the
total minisonde mu st weigh.
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2 . PCI (PCI— 400—SHR) Lithium Bat te ry

Anothe r  potential battery could be fabricated f rom a l i t h i u m  cell m a n u f a c t -  red
by PCI Incorporated . The i r  model PCI-400 -5T 11-l is a small cell u s in g  t h e
l i t h i u m  sul phu r diox ide e l ec t r -ochemis t ry . This  cell has an open c i r cu i t
voltage (OC’V ) of 2 . 95 volts and 2 , 2 volts when loaded with 20 ohms of r e s i s t-
ance . It gives an operat ing l i f e  of bet ter  than 30 minu tes  over the ful l  t ern-

- - pe rature range . Each cell is 0. 5 inch d i a m e t e r  by 0. 75 inch  long. A hat ter s-
would require  at least fou r of these cells , each having a weight of 7 g rams .
This would give a total hat ter -v  weight  of 52 g r a m s , which is si g n i f i c a n t ly
h i g h e r  than  desired . These h at t e r i -~s have been tes ted extens ive ly  by
Mr . S. J. Gri l lo  of NADC . He provided the  curves  shown in Figu res 20
and 21 .

The cu rve  in F i g u r e  20 illust rates the voltage v & r s u s  t i m e  cha rac te r i s t i c  for
the  PCr -4 1) f l - SF fR  - -eli  w h e n  operated at room ambien t  t e m p er m u -e  - v i t h  a
20-ohm res is t ive  load , The t e m p e r a t u r e  c h a r a c t e r i s ti c  nt~ t n e  cell is illus-
t rated by Figure  21 . It operates veil ove r the range t e m p e r a t u r e s  dow71
to -50°C.

There is a potent ial  sa fe ty  problem -vh e n  handl ing  and s to r ing  h~s t t e r i es  u s i n ~z
the l i t h i u m / su l p h u r  dioxide e lec t rochemis t ry.  If these  cells an  a c c i d ent l v
s h o r t  c i r c u i t e d, it is pos~~hle for  t h e m  to build enough in te rna l  hea t ing  to
rup tu r -e  t~~e case vent s. -U so , s ince  l i t h i u m  is a f l ammable  metal wh e n
posed to - ‘-ater , special handl ing  precaut ions  mu st be observed , The h i t t e r i e s
must  he shi pped in a metal conta iner  and packed in wa te r - t i g ht , non-
in r l~1mmahl e  packing.
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3 . Honeywell G3004 L i t h i u m  Battery

A small l i g h t -w e i g h t  l i t h i u m  cell ( shown in Figure 22 )  wa.s developed b y the
h oneywell  Power- Sources  Center  (PSC) for  use  by the US Postal Service.
This cell , designated the  G3004 , uses the  l i t h i u m/ v a n a d i u m  pentoxide d ccc-

t r o c h e m i s t r y  and is 1. 25 x 2 . 8 x 0. 06 inches in size , The bat tery  has a
poly e thy lene  case and weig hs onl y 4 g rams  per cell . The capacity of the

cell is 150 mil l iampe r e -hou r s  at a cont inuous discha rge cu r -rent  of 15 mill i-
amperes .

For tes t ing , 40 C 3004 l i t h ium cells were  cons t ruc ted . ccfl~~e s U  cells -‘ - er - c
made up int o f i v e - c e l l  ba t te r ies  to prov ide  the nominal  12 - :ol t s  r equ i r ed  by
the minisonde . As shown by the two engineer ing reports  (Appendices  B and
C) , the cells ~.-er e l i fe  tested with a 22 . 5-ohm res i s tance  at room tempe~- - t u t - e .
The cells gave an average l i fe  of 26 minu tes . This  would appear  to he ve t-v
p romis ing  for - our  application . The bat tery consisting of f iv e  ( ;3004 ce l ls
weighec 17 r r ~~r ns w i thou t  an outer  case . This  is -‘- lI - ‘ - i t h i n  f t i - - ’ .- - iH - ,t

r es t  ci c - t i c n.

-U t er  fu r t h e r  t e s t ing ,  it was d e t e r m i n e d  tha t , to ~ et m a x i m t r n  c u r r e n t
d e n s i ty  f rom the  cell , j t  is  n e c e s s ar y  to c on s tr a i n  the cell or to pla -i-- a

w e i c h t  on it , ih i s  would  r e q u i r e  tha t  a p l a s t i c  c l ip  or some ~~
-. pe of b ind-

in ~ he p laced a round the  tot al  b a t t e ry  package to keep all of t1 i e e l- - it - ode

~len- euts in intimate con t a ct .  Thj ~ hi rdin c -‘m i ld acid i f e . ’.- cc - in s to f - .-
to ta l  : a ~t r r v  wi-ig hi , bi t t i t  - ...-o n ld  s t i l l  i l l  - .‘ i t h i n  the  ‘v L ~~f I a :  C O t .

The ( 3004 cells are  packa ged  in a sealed p o l v e t h v i cn e  ha~ - .v ’~i -im i s  not  as

t i g h t  or i m p e r v i o u s to c h e m d ~al e v a p or a t i o n  as the  convent iona l c r i m p - s e a lu ’ d
container . 1~ecau se )t this , the re waS some c o n c e r n  as 1 w~~c i cr  a I 0 — ’~ i - a r
shelf life cou ld be obtained wi thout  special  p a c k a g i n g .  \ t  t h i s  p~~L n t  in the
in ’-es~~ j ,~:j on , a n e . ’; ;eI l , t he I I  u ev w c l l  ;3060 ii h iu r t  cell , her - -c- e .i — -ailable
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1~ Figure  22 . Honeywell G3004 Li th ium Cell
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from PSC . Although this cell is significantly heavier , weighing Ii . 3 g r - a r -~.s
- ‘ per cell , it has an increased cur ren t  del i ver s  capabil i ty which  is b e t t e r  able

to  power the minisonde over i ts  total  f l i g h t  t ime.  F’u r t h e r  s tudies  of t he
( 3004 cell we re set aside at this  t ime in order to s iu d ~- the ( 3060 cell , w h i c h
was finally used in the rn iri isonde laurches .

4. Honeywell G3060 L i th ium B at ter -v

The Honeywell  G3060 cell is packaged in a d isc-shaped package 1. 1 i n c h e s  in

d i ame te r  and 0. 1 inch th ick  f o r -  use  as an e l e c t r o n i c  watch power sou r -c .
The G3060 cell is of the  l i t hiu m/ v a n a d i u m  p entoxide  e lec t rochen~i s tr \ . i h e

- 
- cell weighs 6, 3 grams and has a capacity of 150 m i l l i a m p e r e  h o u r s .

The discha rge cu r v e  of a typical G3060 cell at room t e m p e r a t u r e  is sho- ’:n in
Fi gure  23 . This would indicate  that  the  cell will p rov ide  adequate  powe r for -

the minisonde ove r a 4 0 - m i n u t e  f l igh t  t i m e . This , coup led w ith the total
bat tery weight  ( fou r G3060 cells plus outer  case) of 28 . 7 g r a m s , makes  t h i s

cell appear v e ry  att ract ive for  many sonde operations ,

- - - — - ~ 
-ç ~~~- -  - c - -  I —~ ~~ -

± ~~~T T T - - F - I I I I - I - _ 
T I 1 1 1

1 2 -~ - 31 0 17 1-3 1~ 10 70 2 2 74 . ‘ 2 - 3  30 3? 0 3’ 3- -
c c -

- - -

F i g u r e  23 . h oneywell 1.’ o u r — (  e li  ;3060 I ~t ~iium K a t t e r y  (~~:‘i - ia l
~‘c .umber  12 7 2 )  Vo l t age  \ e r su s  I’ime P er for -m ance
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One significant advantage of the G3060 cell is its safety. Because of the
small amount of l i thium used , the cell can be safely shorted without risk of
case rupture . The tightly crimped stainless steel package used in its con-
struction also gives the cell a potential high operating current  density so
that a heavier  load can be drawn fro m the cell , Also, the tight seal produces
a long-life cell , pot entially 5 years or g reater.

One problem with the l i th ium/vanadium pentoxide electrochemistry is its
relatively poor low temp erature operation . Temperature characteristic
curves on the G3060 cell were measured by Mr . S. J. Gru b of NADC and
provided to us for our use. The temperature  characteri stics of the G3060
cell are shown in Figures  24 and 25 . Tn Figu re 24 , a series of uninsulated
G3060 cells were placed in an envi ronmental chamber operating at two
pressures, 1. 010 or 100 millibars, and operating over a temperature  rang e
from 20 to -50° C. The cell , in each case , was soaked at the chamber
temperature prior to testing. As can be seen , the cells operate slightly

• better at lower pressure. Howeve r , below 0°C , the i r  output and l ife are
seriously decreased .

An uninsulated battery is not typical of the actual application. In the actual
application, the battery will not be soaked at the very lOw tempera tures, but
will be starting initially at the launch tempera ture. In addi t ion to that , the
battery is placed within an insulating foa m case (the minisonde case) and
will actually be subject to some self-heating which will keep the tempera ture
higher. To test the battery performance  under more typical operating condi-
tions , a package was constructed using two layert~ of 100-mil styrene foa m ,
and the entire package was soaked at either +20 or 0°C , simulating initial
launch conditions. The ambient temperature of the test chamber was then
decreased to either -25 or -50° C over a period of 40 minutes to simulate
the temperature profile of a typical balloon sounding. The results  of
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Figure  24 . Honeywell 1-Year Watch Bat tery Test Resul t s ,
20-Ohm Resist ive Load , 8-9 February  1977
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battery voltage versus t ime testing are shown in F igure  25 . Cell serial
nu mber 128 7 was ini t ial l y cooled to -25°C prior to the test . The rest of
the cells were started at an initial t empera ture  of 20 or 0°C. The lowe r
initial operating t empera tu re  significantly decreases the output f rom the
cell. Based on a 2-volt end of l i fe , these tests would indicate a 13-minute
operational l i fe t ime from the battery. This is significantly less than the
desired goal of 30 minutes  of operational life ,

The G3060 cell still appears to be the most promising power Supply for the
minisonde because of its very light weight and high energy density. We do
need to find a way to compensate for the poorer low temperature charac-
terist ics of the cell . This can be accomplished in several ways. One is to
use an 8-volt operating level in the minisonde , which allows us to have 1. 6
volts per cell end of l ife. To maintain the battery temperature above 0°C ,
we can add more foam insulation around the battery to reduce its heat loss.
Secondly, we can add a small heater and , if necessa ry, an additional cell to
the four-cell  battery stack to provide self-heating to maintain the t empera ture
of the cell above 0°C , A small temperature  sensor and thermostat  would be
incorporated with each battery to operate when the cell temperature  drops
below 0°C . In this way, we will be able to u t i l ize  the full  capacity of the
G3060 cell, These modifications will be incorporated in fu ture  minisonde
developmental models.

5. Battery Selection Status

Of the four  types of batteries considered , it appears that the water-act ivated
battery and the PCI battery ( l i t h i u m/ s u l phur  dioxide electrochemist ry ) are

-‘ heavier than desired , al thoug h they would ha ve enough capacity to operate the
minisonde. It appears that the l i th ium/vanadium pentoxide elect rochemist ry
is more appropriate f rom the standpoint of safety handling and storage. How-
eve r , the poorer low tempera ture  propert ies must be compensated for . The
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Honeywell  G3004 battery has the  best weight factor , but its energy output is

ma rgina l . The Honeywell G3060 battery appears to he the  best t radeoff

for energy versus weight in an available battery.  G3060 cells will be used

for batteries in the  next stage of minisonde development .

F . BALLOON

The desi red re qui rements  for  the balloon are that  a 30-gra m latex balloon

be inflated to a max imum diamete r  of 30 inches . The balloon and min isonde

should rise at a 1, 000-foo t-per -minu te  rate and attain an al t i tude of g rea te r

than 20 , 000 feet before  the balloon burs t s.

For a balloon , bot h the conventional latex piball balloon and a 1/2 -mi l  mylar

plastic fi lm balloon were considered . The latex balloon has the advantage of

being low in cost and readily available since it has been used for a numbe r of

years. It is a well proven balloon . The problem with latex ballons is that

they tend to be fragile and sometimes require precondi t ioning.  A film bal-

loon , on the other hand , made of l/ 2 -m i l  my lar , would be more durable  and

would not require preconditioning.  The potential  of designing a f i lm balloon

for  the minisonde was discussed with Raven Industire s of Sioux Falls , South

Dakota. They indicated that a film balloon would be heavier than a latex

balloon for  the same diameter and same maximum altitude. In addition , a

film balloon would cost $5 to $ 10 compared to the less than $1 price for  a

latex balloon . It would appear that a latex balloon is the mo St practical

solution for  the minisonde.

-> For a latex balloon , the  rate of rise of the ba l loon/min isonde  package is

de te rmined  by the weight  of the  min i sonde  and balloon and the initial d i a m — ’ter

of the  balloon . In o ther  words , the larger  the balloon or the  smal le r-  the

packag e, the greater  will be the l i f t . The m a x i m u m  a l t i tude  is d e t e r m i n e d
by the  max imum infla ted  d i ame te r  of the balloon; in t he  case of a 30-gram
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balloon , it will typ ically reach 48 inches of d iameter  before  it bursts. Thus ,

it can be seen that  there  is a t ra deoff  between the rate of rise , minisonde

weight , and max imum alti tude.

To calculate the exact performance of the bal loon/minisonde package , data

were provided b y Mr. S. J . Gru b of NADC . A plot of the gross lif t versus

balloon diameter and volume is shown in Figure 26 . Gross lift equations

are also provided in the figure .

Based on a 30-gra m latex balloon and a 1, 000-foot-per -minute  rise rate , the

maxim-i m altitude is shown by Figure  27 . The maximum al t i tude or bu r s t

alt i tude is tabulated for several typical balloon diameters  in Table 6. To

determine burs t  a l t i t ude  for  a given minisonde weight , r e f e r  to Figure 27 .

Sta rting on the minisonde weight axis for an 86-gra m minisonde weight , draw

a vertical line to intersect  the curves. Going f rom the intersect ion with the

diameter line and moving to the right hand scale indicates that a 30-inch

balloon diameter is required at launch . Going to the intersection with the

al t i tude line and reading to the left hand scale indicates a max imum alt i tude

of 29 , 000 feet. Refe r r ing  to F igure  26 shows that a 30-inch-diameter  balloon

I has a gross lif t  of 300 grams, Subtract ing the weight of the balloon and the

weight of the minisonde , there  is a free lift of 183. 8 grams available. This

now indicates how much helium mu st be put into the balloon prior to the launch .

The amount of helium to be put into the balloon before launch can be determined

using the f ixture  illustrated in Figure 28 . A 30-gra m latex balloon is rolled

ove r a nozzle weighing exactl y 270 grams , and then enough heliu m is inserted

- - into the balloon to just  lift  this  nozzle off f rom the  floor. At that t ime , the

-‘ 
balloon will have 184 grams of f ree  lift when the minisonde is attached.
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Figure 26 . Balloon Data and Gross Lif t  Equations
41: - - 

D IAMETER

Ii’ 

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~
10 - 

~
100 200 300 400 500

SON DE WEIGHT G RAMS ’

Figure  27 . Sonde Performance V e r s u s  Weight fo r  a 30-Gram
Balloon wi th  a Rise Rate of 1000 Feet Per \ l tnu te

—I

- 4 5

- 
~~~~ :~ ~~~~

- -

~~~~~

- 

~~~ 
-- - -s 

~ 

- - -

‘a



- - - - - 
- c-’.

~~~cc 

c- - .UL. 
~~~~~~~~~~~~~~~~~~m ./ I : :L- .; -, . . - r ,  ~~~

‘ 
~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

Table 6. Balloon Data

- - Balloon SondeDiameter Gross Lift  F ree  Lif t  Weight Weight Burst Height
- (Inches) (Grams)  (G rams)  

~Grams)  (G rams) (feet x l0~ )

- 24 150 117 . 7 30 2 . 3 39 . 8

30 300 183 .8 30 86 . 2 2 8 .8

- 36 475 267 , 9 30 177 .1 21.3

42 700 36 0, 2 30 309 .8 8 . 8

48 1000 470 . 5 30 
- 

499 . 5 0

ii’I

~

270  G R A M S

Figure 28 . Balloon Filling Procedure
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III . MINIS ONL)E CONSTR ~ ( ‘l ION A N D  PAC KAGIN G

The package for  a minisonde is very important  because it has to meet the con-

flicting requirements of being strong enough to withstand handling and f ield

launch and at the same time being light enough so that it can be launched by a

30-gram balloon . The requirements  for  the package are that it mus t  provide

adequate air flow for  the sensors, that it mus t  provide shielding f rom solar

radiation and rain, and that  it must be strong enough so that it can be easily

handled. The maximum desired weight of the balloon and minisonde together

is 100 grams.

A total minisonde was constructed as shown in the photograph of Figure 29 .

The minisonde and a 30-gram latex balloon as shown are read y for  launch .

An exploded view of the minisonde is shown in Figure 30 to i l lus t ra te  all of

the subassemblies . We will now discuss the subassemblies of the rninisonde

shown in Figure 30 , and then each of the subsys tems  will be discussed (see

Figures 31 - 42).  Starting at the top of the minisonde of Figure 30 are the

sensors . The temperature  sensing the rmis to r  is placed direct l y on top of an

air duct  at the top of the minisonde.  In this  sva~- , it will measure  t r u e  f r ee

air t e m p e r a t u r e .  The air duct  fo r  the thermis tor  goes beneath the humidi ty

sensing carbon h y g r i s t o r  and comes out of two por ts  on the sides marked  air

duct  exit . To the left and below the t he rmi s to r  is the carbon h v g r i s t o r .  The

h yg r i s t o r  is mounted  in t wo  spring wire clip s which do not r e s t r i c t  the air

f low past the sensor . A radia t ion shield cover is placed ove r the top of t h e

sensor to form an air duc t . The radiation shield is white on the outside to

re f l ec t  solar rad ia t ion  and black on the inside to inhibit  any t ransmiss ion  of

s- I - s r  energy t h r o u g h  the shield. The area around the  h ygris tor  is also black-

( - n e d  to avoid ref l e -t ion  of solar energy  down the  air duct  channel . N o t e  tha t

~~~ - r i r  f l I w  t r o r i . he t h e r m i s t o r  channel  goes beneath the  h ygr i s to r  to avoid
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Figure 30. Exploded View - f  Minisonde Showing Subassemblies
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Figure 31. Minisonde Case
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Figure 32 . Minisonde Case Construct ion
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Figure 41. Battery and Switch Construction (Concluded)
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any po .~sibih i tv of t empera ture  effect f rom the electronics package below the

h’~u~r i stor .  In the chamber formed by the temperature air duct , th e press  c-Lre

sensin g silicon diaphragm barometer in its shielded case is mounted.  The

b arometer is located below the hygris tor  near the air duct exit . The baro-

meter is k ept at am bient tem per atur e by the air flow through the duct .

The m inison de is laun ched by fish line cord attached to the four  t ie-down

brackets on the side of the package. Th e radiation shield is h e ld on by a cord

going across the top of the package f rom one of the  t ie -down brackets  to (he

other.  The electrical signals from the sensors are carried down to the

meteorological electronics by thin l ight-weight  solid copper wires.

The minisonde is constructed in two parts;  the upper chamber contains the

sensors and provides pr ovision for  air flow , and the lower chamber f rom the

compartment cover on down is a water t ight  box containing the meteorological

electronics and ba t te ry .  The lower ‘3hamber contains the meteorological

electronics that  commutate  and encode the sensor signals and modulate  the

telemetry t ransmit te r .  Jus t  below the meteorological electronics , th e tele-

met ry  t ransmi t te r  is mounted .  An antenna made of flexible spring steel is

mounted in the t ransmit ter  case and pro t rude s  through the bottom of the

an tenna, with the remainder of the electronics and minisonde wiring serving
minisonde package. Th e an ten na is , eff ectively, a qua r ter -wave ground plane

as the ground plane . Power for  the minisonde is provided b y a ba t te ry  con-

sistin g of f our G30 6 0 cells . The bat tery package is located in the lowor rig ht

hand corner of Figure 30. To energize the minisonde bat tery,  a spring metal

clip is push ed into the bottom of the minisonde which makes contact between

the bat tery  and a metai plate . Th e m inisonde  can be t u rne d of f b y withdrawing

this metal clip.

All electronics packages , including the barometer , meteorological  electronics ,

and te lemetry t r ansmi t te r , are shi elded w i t h  a l-mil  shim brass case. The

purpose  of thi s  shie lding is to e l iminate  pickup of the 403 -megaher tz  te lemetry
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t r a n s m i t t e r  signal b y the e l e c t r o n i c  c i rcui ts , If th e circuits  ~~~~~
- re not shielderi ,

t he  h F  signal ~t ou l d  be p ick ed up and r ectif i ed by the c i r cu i t ry .  Thes e signals

would ause  an ) t t s e l  in the e . ect ro nics and an ex t -or in the data m ea sure m ent .
In addition to the shie lded packages , f eed - th rou gh gaske t s  were u c -~~d on each

of the signal lead wires . As disc ussed in Section IV , th e re  I s  f l u  apparent

p r o b l em wi th  p ickup  f r o m  the  t r a n s m i t t e r .

The minisonde case was const ructed f rom 0. 060-inch foam s t yr e n e  shee t . 1 he

foa m s tyrene  sheets wex -e vacuu mn formed around ~ u oien blocks  to  p rov i d e the

indiv idual  pieces that  were  assembled to fo rm the minisonde ca5e as shown in

Figure 31. This  case is app rox ima te ly 3 inches square b\ 4 - 1 / 2  m t  des h i c d .

The case was kept small to minimize the weight, yet large enoug h to a t - t on -

mod ate the sensors and re qui red  air f low - Detailed drawi ngs of the a i r  duc t

assembl y are shown in Figures  32 and 33 .

Th e piece parts of the barometer  are shown in Figure 34 . On th e left is the

bar -omet er with its e lectronics  on a ceramic subs t ra te .  This de 20 -c is s u p-

por ’- d b y s tyrofoam bl cks 0 keep it center -ed i n ; i d e  of the  sh i e ld , which is

sho wn on the rig ht half of the p ict ure .  The total  assembled and shielded haro-

meter is shown in the pho t og rap h in Fi gure  35. Detai ls  of t o e  pres s U T ~~C trans-

d ucer  housing and supports  are shown in F igu re  36 .

Th e parts  of the meteorological  electronics package are shown in t- igure 37.

At the lower center part  of the photograph are the e lectronics  and circui l

board. The upper r ight  port ion of the photograp h shows the s tyrofoa m iiu ~ - la-

tion , and the upper left  part  of the p hot ograph shows the 1-mil shielded case.

The m eteor olog ical elect ronics  ar e m ou nte d on a special  li gh t - w e i ght flex

substrate  material  to minimize the to ta l  mirt isonde w e i L J h . .  The asse mbled

meteorological  electronics package is shown in the photo graph of Fi~i ut - e 38 .

A detail  of the shielding is shown in the drawing of F igure  39. A photo grap h

of t he assembled t e l eme t ry  t r a n s m i t t e r  and antenna  is shown in l-’igui-e 40.

61



cc c-~~~ -~ -c- — - -  u- - -c- ~~~~_ —.c- ~c- - -  — ,---~

The minisonde ba t t e ry  is made up of four  G3060 lithium cells . The cells are

connected toge ther  by spot welding tabs between the cells . ~-\ shor t  section of

shr ink  tub ing  hold s the cells together  to form a bat tery .  Figure 41 shows the

bat tery  and switch construction . The bat tery and switch are enclosed in a

styrene package as shown in detail in Figure 41 . For the next minisonde

models , it would probabl y be easier to eliminate the switch and turn on the

minisonde b y inser t ing the bat tery  into the case.

A p hotograph of the minisonde and its subasserob lies is shown in Figure 42 .
Behind the n 1inisonde case is a 30-gram latex balloon. To the right of the

case is a G3004 li thium bat tery .  In the f ront  of the minisonde at the left is

the meteorological e lectronics  package , in the center is the  barometer, and
on the r ight  is the  t e l emet ry  t r ansmi t t e r  and antenna.

A l ight-weight  minisonde is now practical because of the availability of the
solid-state barometers  and also l ight-weight batterie s. In addition to this ,
the  weight of all the other subassemblies have been reduced to a minimum to
make the minisonde as light as practical.  The total weight of the minisonde

is 86 . 6 gram s including t h e  ba t te ry .  The weight of each subassembly of the

rn inisonde is tabulated in Table 7

Table 7. Minisonde Subassembly Weights

— WeightSubassembly (Grams)

Telemetry  Transmi t te r  13. 9

Barometer 11. 0
Flygr i sto r  1. 3

Thermis tor  0. 5

Bat tery 28 . 7

Meteorological  Electronics  15. 2

Package 16

Total 86 . 6
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With fu r the r  developmental  work , it would be po ss ib le  to reduce the weight of

the minisonde even f u r t h e r .  The meteorological  e lect ronics  could be inte-

grated into a single chip. A lso , the te lemet ry  t r ansmi t t e r  could be c on s t r u c t e d

using th ick-f i lm technology. A new bat tery  designed along the line s of the

uncased lithium cell could possibly reduce the weight  of th is  major  subassembly

in the minisonde.

The minisonde was attached to the balloon by a 30-foot cord . The balloon

train should be as long as possible to reduce the effect  of balloon heating on

the air temperature  moving past the minisonde. As the balloon and minisonde

ascend , the air moving past the balloon will be heated slightl y.  The min isonde

is then pull ed through this heated air. it is desirable to keep the minisonde as

- 
- fa r  f rom the balloon as po ssible  so that  th is  heat can be diss ipated.  ( onsider-

ing the relative cross-sect ional  areas of the 1, 000-gram balloon and the 30-

gram balloon , the minisonde is p r opor t iona te l y f u r t h e r  removed f rom any

effects  of the balloon t emper 9tu re  on f ree  air t emperatu re .

“I
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IV . SYSTEM TESTS

A . LABORATORY TESTS

The minisondes were constructed as discussed in the previous section . When

powered with an external power supply, all minisondes comm utated and tele-

metered data to an FtF receiver. No environmental tests were performed on

the minisondes prior to launch. Each of the subassemblies of the minisonde

was tested as described in Section II .

Each of the meteorological electronics packages was calibrated individually.

The calibrations are tabulated in Table 8 .

It is possible for the ftF signal from the telemetry transmitter  to interface

with the sensors and cause erroneous measurements. To test for  crosstalk

from the transmitter, each minisonde was energized . The output f requency

from the VCO was measured with a digital counter . The output frequency was

I 

1 
measured f irs t  with the transmitter off , then with the transmitter  on , and then

with the transmitter off again . The measured frequencies are listed in Table

9. There is no apparent effect from the transmitter .  The variations from on

to off are about the same as in successive readings with the transmitter  on .

From this, we can conclude that the shielding is adequate and that there is no

problem with internal RF interference.

B. DATA REDUCTION

The minisonde sensors provide a voltage signal that is converted to f requency

by the VCO . This frequency is telemetered to the ground processor where it

must be decoded to reduce the data back to temperature and humidi ty  versus

alt i tude readings. The data reduction procedure is as follows:
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Table 8. Meteorological Electronics Package Calibration Data
U n i t  S - N I  

— - -

~~~

- 9. 076 V I I I  ( I n p u t  12 000 V I S E

High Reference ( ( ‘R I  - 6. 520 V E X  I ( ’ in 3 . 1 3 - 4 ( 1 ( 1 2 ( 1 ’. 10 Lop)

1- it h igh H e f e c e n e e  2027 h , - , - t ~-

Select R 13 5 , 360 ,t ,ms

- 
- . 0 , = I . 332 High It e f er en ce , V - - o, 113:1217 vo lt p -i - i r e’ i - I - i - i  i- . - o i o r o r  - 360 , 000 Oo, o . 9 8  h e r t i  102 , O I i s i - - r r r - 1 -

______________

-
- 

- 
[ n i t  S/ N  2

~~~ 8 999 VOl ( I n p u t  12. 000 y O r E

High Reference ( l I R E  cc 6 .4 6 0  V E X  (p in 3 13-4052)  ( :i , 10 I c - ow E

at High R e f er e n c e  21 (11 4 h er t i

-Select R 13 
= 5. ~~~~ o hm s

Vrc L3 03  Hi gh Reference , V~ 
- 0 . 003224 volt  per h i - r E - i; Se O-c l  r e s i s fo r  :lOO c 000 o h m s , ‘, (I h e r t , , 101 -~~~ 

-

icr  c- \- 3

‘t o  9 007 VDC’ (Input 12. 000 V I S E

h igh Reference (fi R) - 6 4 70 \ IS (l’ ifl 3 1 3 40112) Il’ , 10 Ic -o w )

F ot High Itefererr - - -  ( I t t - t I 20 [ 5 e  rt -

0elnc ’ H13 
0 , 360 ohms

3 2 t h i g h  Re ference  V 0. 00 3214 i-oll per l wr t 20 0-Ir -c l r i c - S i s l o r  390 , 000 ohms , 9, 7 r u  [Il l m i l l i -

0 , = 8 . 989 VDC (Input 12 . 000 0 0 ( 1

High Referenc e  ( l I R E  6 . 4-41’ V III - ( I ’ m  3 , 1 1 — 1 0 5 2 )  1 , 10 1,0w)

V st Hi gh t t e fe r u - i -  2020 h r v t r

, l e Cf  R 13 
5 , 760 ohms

~t r  ~ 304 High R efe rence , V~ = 0, 003193 volt  per h e r , , ;  S~ l ,-cl  r e s i s t o r  360 . 1100 i h ri ci , I c 8 h er t , , E r i c- ~cc i ) l i -

I
_
n i ’  S ’S  5

~ - c 8. 068 VII I  ( I n p u t  12. 000 o n o t

High  Reference  ( H i t )  6 . 4 4 3  VrtC (( ‘in  3 , 13-4 0221 ( , 10 l ow)

it High  t - - l r  2(2118 h e r t e

~~~~~~ 5 , 360 ohms

L 
~~~~~ 1. 3 2  t h i g h R e f e ren ce . V~ = 0, 0032 09 volt per ( - e r r :  S - l r -c ~ r i - s i s i o r - 360 , 000 ohms , 1 . 8 b - r I . - , 102 r i l l i o ,c - , -  on -k

- ~~~‘ S I\  6
- 8 , ‘4~ Vol ( Inpu t  12.  000 V E X )

t h i g h  Ref e rence  - . 6 . 4 I 6  V E X  (pin 3 , 13—4052 )  ( I ’ , 10 Low)

t ! i ~~ l i j t i ’ fe  — ., [ (1(7 he r t z

-c - l i - c -  R
13 

- 0 , 3 9 1  rhir o

V - L I ’ 4 I l igh ( -1 , - f r - ,  - iii-~ V ’  0. 0032 13 volt ~~-r - r ’  -
~~; ‘u - h - n  r r - su ’e r  430 , 000 ohms , ’ . Ii h , -r ’ .- , l I-I e i i I i s ecnnd~Or
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Table 9 . Telemetry Transmitter  Interference Test Data

Sertat  Parameter  ( 3ff On Off
N umbet 

-

_____________________ _____________ ____________

I h i g h  Reference 188.  30 188 .45  183 .55

Tempera ture  53 . 25 52 . 9 5  53 . 4 5
Pressure 1 5 6 . 6 0  156 . 50 156 . 8 5
Re l a t ive  I l t t m i d t t v  133.  10 133. 10 133. 45

2 h igh Reference  185.40  185.30 185 .55
Temperatur e 5 3 .4 0  53 . 2 5  5 3 . 3 0
Pressure 154 . 2% 154. 10 154.25

________ 
Relat ive  I - t u m id i t y  1 3 1 . 5 5  1 3 1 . 4 5  1 3 1 . 7 0

3 h igh  Re fe ren ce  188. 15 188.05 188. 00
1e::lp - ra t i ir r -- 42 . 65 42. 60 42 . 50
Pressure 1 5 6 . 5 0  1 5 6 . 4 5  156 . 5 5
Relative I t umid i t o  1 3 1 . 5 5  131. 10 131 .00

4 Ri gh Reference 188. 35 188. 20 188. 35
Temperature 37 . 70 37 . 6 0  37 . 5 5

Pressure 156.65 156 .60  156. 70

Rela t ive  ( I u : : i i d t t v  134. 85 134. 85 135 .00

5 h igh Reference 186 .50  186.30 186 .90

Temperatur e 24. 35 2 4 . 6 0  24 . 35

Pressure 1 7 7 , 25 155 . 1 0  155 . 50

Relative ht umiditv 128. 70 128 . 6 0  129 . 00

• Convert  from frequency (200-2 , 000 h e r t z )  to voltage (0. 6-6 vol ts)

using the vol tage- to-frequency transfer  funct ion of the minisonde
VCO .

• For temperature  and humidity,  convert  f rom voltage to resis-
tance using the sensor resistance network t ransfer  funct ion .

• For pressure, convert f rom voltage to pressure using the solid-
state barometer t ransfer  funct ion .

• ( onvert f rom resistance to temperature  or humidity using the

sensor conversion equation or chart .

• Convert  from pressure  to al t i tude using the barometr ic  equation .
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1. \‘ o l tage — to — F req ue t i cv  ( ‘ onvers ion

The vo l tage- to - f requency  conversion is accomplished in the minisonde b y a

VCO as described in Section II . The V U ( )  has a linear t r ansfer  func t ion  and

passes th rough  the origin . T h u s , the  \ (‘O ou tpu t  can be described b~ the

equation v mx . Un iv  one point on t h e  cu rve  is required to define the value

of m . ithe minisonde \ (‘Os were set to have an output  of 2025 her tz  wi th  an
input of 6 . 5 volts . The f requency-to -vo l t age  t r ans f e r  funct ion is:

V .  6 . 5 / 2 0 2 5  = 0 . 00321 volt per he r t z  ( 1 1 )
in

2. h i g h Reference  and Supply Vol tage

c- fhe supply voltage V
( (

. is needed to de termine  the resis tance ratio for each

of the sensors . Supply voltage can be determined from the high reference
( H R )  voltage signal. The ratio of r e s i s t o r  H 5 to  H 6 as shown in Figure  6 and

repeated in Figure  43 de termines  the h R  voltage.  [c-he ratio is chosen so tha t

• the  Vol tage  at pin O\ of ~3 will be higher than the voltage signal f rom any of

the o ther  sensot -s . c -rhe high ret’er e n e  f r e q u e h l c \  is typica l l y 2 , 000 he r t z .

With the values used for  H 5 and H6, the suppl y voltage is 1. 392 t imes larger

than the 1111 signal:

= 1. 392 
~ HR 

( 1 2 )

3. lemp e r a t u r e  Calcula t ion

‘Ihere  are th ree  steps in the calculation t i f i -ee  air t e m p e r a t u r e  f rom the tele-

m e t e r e d  f r e q u e n c y  - c o n v e r s i o n  fr o m  f requency  to voltage , conversion f r o m
-t 

vol tage to resis tance, and conversion f rom t h e r m i s t o r  r es i s t ance  to tefl 1pera
t o t - c - . To conver t  f rom f r e q u e n c y  to voltage [E (T ) ] ,  the  fr equen c~ for  t h e

t h e r m i s t o r  is mul t ip l ied  by 0 . 00321 as defined in equat ion 11 . R e f e r r i n g  to

I- igure  43 , the  t h e r m n i s t o t -  R T is in a d iv ide r  with r e s i s t  u s t -  R7 , H~1 can be

I .  
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Figure 43 . Sensor Input Network Circuit Diagram
(Detail from Figure 6)
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calculated f rom supply voltage V U ( ,  t empera ture  voltage [L 0(T) ]  and H 7
with Equation I i :

16. 9K x
R T = F (T) - 16 . 9K (13 )

To conver t  res is tance to t empera tu re , t h e  t h e r m i s t o r  t r a n s f er  equat ion as
given in Equation 6 can be used . A nominal  t he rmi s to r  lock-in value of
14 , 000 ohms was used .

4 . Humid i ty  Calculation

h umidi ty  was sensed with a resist ive carbon hygr i s to r  
~~~~ 

as shown in
F’igure 43 . To calculate humidi ty ,  f requency is converted to vol tage and t h e
f requency  for  the hygris tor  is mult ipl ied b y 0. 00321 as def ined in Equa t ion  11 .

The h u m i d i ty  element has a 249 , 000 ohm 1 percent  res is tor  connected in
parallel  and a 7 , 1.50 ohm ~ 1 percent  res is tor  connected in series wi th  t h e
above parallel  combination . This conf igura t ion  p rov ides  a hu m i d i ty  input

L - resistance of 256 , 150 ohms with an open humid i ty  element and 7 , 1.50 ohms
with a shorted humid i ty  element .

To calculate h u m i d i ty , it is necessary to de te rmine  the resistance of the car-
bon hygr is tor  separately f rom the humid i ty  resistance n e t w o r k .  The resis-
tance of the h ygr is tor  can be determined from Equat ion  7. From th i s  resis-
tance and the lock-in value , humid i ty  can be de te rmine d f rom Table 3 .

5. A l t i t ude  Calculat ion

To calculate a l t i tude  above ground f rom the te lemetered  f requency  require s
three  steps . F i rs t , the f r equency  signal f rom the ba romete r  is mult ipl ied
by 0. 00321 as desc r ibed  in E quat ion  9. This  gives the barometer  output
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voltage V B. Next , the barometric pressure in millibars can be calculated
from Equation 1.

To convert from atmospheric pressure to altitude above ground , Equation 2
is used.

Substituting in Equation 2 for  a sea level temperature of 15°C (5 18°K) and
sea level pressure of 1013 millibars, we get Equation 3.

Reducing Equation 3, we get the expression for al t i tude versus pressure in
Equation 4 . This equation is the standard aircraft pressure alt i tude formula
which has been validated for  the range of this balloon-borne minisonde. This
equation does not compenss.te for  individual humidity conditions .

C . FIELD TESTS

To demonstrate the operating performance of the minisonde, three minisondes
were launched during the week of 14-17 February at Honeywell’ s Annapolis

~ operations. These facilitie s include an outdoor antenna test range which pro-
vides a large open area for  balloon launching and telemetry reception . A
photograph of the test site is shown in Figure 44 . The test instrui-nentation was
mounted in the van shown in the certer foreground . The telemetry antennas
were mounted on top of the wooden tower shown in the center background of the
photograph . The telemetry receive r and recording equipment are shown in

Figure 45. A parallel system was set up using two separate telemetry antennas ,
two RF receivers, and signals recorded separately on a four-channe l magnetic

4 tape recorder. The test procedure used is described in detail in the field test

plan, which is included as Appendix D.
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In addition to this test equipment , the launch pressure was measured with a

Wallace and Tiernan aneroid barometer (Model M L - 40 1/ U )  provided for us

b y Mr. S. J. Grillo of NADC. The ambient pressure reading for  both days

of the test was 1011. 2 millibars . The temperature was about freezing, and

the wind was about 15-20 miles per hour. The sky was clear; there were no

apparent cloud layers during any of the launches . The balloons were filled

with helium from tanks used in the welding shop at Honeywell’ s Annapolis

operations. To fill the balloons, each balloon had a 270-gram weight attached

to the fill nozzle. The balloon was slowly filled with helium until it had suf-

ficient lift to raise the 270-gram weight off the floor. This provided the pro-

per amount of free lift. The balloons were tied off , carried outside, and

tied to the rninisonde with a 30-foot length of fish line . The balloon-borne

minisonde was released from an open area in the paved parking lot as shown

in Figure 46. In sp ite of the very high wind , it was easy for one person to

launch the balloon and minisonde without damaging either of them. The mini-

sonde and balloon in flight , jus t  after launch , are shown in the photograph of

• Figure 47 . The minisonde appeared to be stable in the air. There was no

significant coning or swinging.

One telemetry channel consisted of a 403-megahertz  dipole antenna made b y
the Stoddard Company connected b y 60 feet of coaxial cable to a N ems-Clark

FM telemetry receiver (Model  M10037F) .  The demodulated signal f rom the

receive r was recorded on a Tannberg four-channel  1/4 - inch  magnetic tape

recorder .

L 

-~ D. TEST RESULTS

The flight test data were recorded on 1/4-inch magnetic tapes along with a

1, 000-hertz reference signal to compensate for tape recorder  speed changes.

To calculate the minisonde temperature, humidity,  and pressure readings , it

is necessary to read the f requency versus  t ime recorded on the tape. Two
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methods were used to read out the f requency  d ata , In the f i r s t  me thod , a

microprocessor-based decoder developed by Mr.  S. J . ( r i l lo of N AUC was

used to automatically reduce the tape dat a and plot t h e  resul t s  on a strip chart
recorder .  This readout  gave an accuracy of 1-2 percent  limited b y the
accuracy of the recol-der and 6 - inch  p r i n t o u t  pa i~~ t - .

A second method of f requency  data reading was used at Honeywel l . This
method  used a freque n c:v  comparison methodology.  The tape recorded data
were  displayed on an oscilloscope which was s y n c h r o n i z e d  f r o m  an e x t e r n a l

reference oscillator. B~ ad jus t ing  the external oscillator to beat with the

recorded signals , it was possible to provide a f requency r eadout  accura te  to

1 percent . It was d i f f icu l t  to ob t a i n  exact  synchr -ou l sn 7  because the  oscillator

was commutat ing between the four  signals of h igh re fe rence  t emp e r a t u r e ,

pressure, and humidi ty .  For this  operational test , this  was adequate , but ,
-
, in f u t u r e  t est~s , the data processing should be done with a computer  that  will

provide  direct p r in tou t  of th e  data; t h u s , it should be possible to obtain the

desired 0. 1 percen t  accurac\ - .

The t e m p e r a t u r e  and humid i ty  readings versus  a l t i tude  are shown for  the three

launches  in Figures  48 , 49 , and 50. Data are only shown for  the f i t - s t  16

minutes of the f l ight  because of ba t t e ry  p rob lems . The l i t h i u m /vanad ium pen-

toxide bat ter  that  was used in the flights did not m a inta in  its power at low

t e m p e r a t u r e s  in t h i s  app l ica t ion .  Af ter  ap p r o x i m a t e ly 16 m i n u t e s  of t he  f l igh t ,

the b a t t e r - v voltage had dropped be l ow the l inear t - an~~e of the  voltage-~ u- ft - c -

quency conver t e r  and so the data could no longer  be r educed  re l iably .  Even

though the b a t t e r y  voltage had d ropped off sign i f i can t ly  to less than 6 volts ,

the t e lemet ry  t r a n s m i t t e r  cont inued to be heard to periods of 45 -60  minutes

a f t e r  launch . Data were being received for  this  whole period of t ime . -\s

discussed ear l ie r , changes wi l l  be made  in the n i i t ~i~- ot ~~I c - - p a ckag in~.m and opera-

t ion to allow th i s  ba~t c r y  to  be used m o r e  sat  i s i a c t u u I - L I \  to obtain t h e  desired

30-minu te  f l i g h t  t ime .
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Figure 48 . Alti tude Versus Temperature and Humidity, Launch 1

76

c- . ~ ~~~~~~~~~ 
T — ~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Y.~~. t11 c- c- c-~ __________



12000

- ;  10000 I
1 1

I’ ~~i

i ::::
T E M P E R A T U R E

/

4000
,‘HUMIDITY
‘
I

I’

2000 

~~~ ~~~ -12 ~ i’2 1’6 2
1
0

- TEMPERATURE ( °C)
F I I I I -t I -I- I
0 10 20 30 40 50 60 70 80 90 100

HUMIDITY (PERCENT )

-t F igure  49. Alt i tude Ve r sus  Tempera ture  and H u m i d i t y ,  Launch 2

H 77 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

~~~ ~~~~~~~~ 
- c-

j

- -  cc -



- 12000

- (

10000 —
~~~

8000 If

TEMPERATURE (
4

i.— 6000 ) HUMIDITY
-J /

- 
(

= 

-

4000

2000

I i 0 
-20 ~~6 ~~2~~~~8 ~4 0 4 1~2 16 2~

- TEMPERATURE (°C)

I I I I I
0 10 20 30 40 50 60 70 80 90 100

HUMIDITY (PERCENT )

Figure 50 . Altitude Versus Temperature and Humidity, Launch 3

78 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ c - _ 1~~~
_

cc c-~ c c _



Referring to Figure 48 , which shows temperature  and humidi ty  versus  alti tude

data for  the f i rs t  launch , it appears that there was an inversion layer at about

6 , 000 feet on that day. This f i rs t  launch was made late in the morning.  In the

afternoon, a second launch shown (see Figure 49 ) also indicated the  san e

inversion laye r at 6 , 000 feet , a l though it was not as s t r on g  of an i nve r s ion.

The data for  the second launch were extended up to 12 , 000 feet by at tempt ing

to compensate for the effect  of decreased bat tery voltage on the vol tage-to

frequency converter  operation . As in the other two f l ight s , the data above

10, 000 feet are quite questionable . This does not indicate that  the minisonde

stopped ascending at 13 , 000 feet.  Launch 3 (see Figure 50) was made on the

morning of the following day, and no inversion is seen. In this  f l ight , the

bat tery  dropped off more rapidly than before , so , again , the data beyond the

10 , 000-foot laye r are in question .

E . COMPARISON OF TEST RESULTS \VLTH DESIRED REQU IRE I\IEN S

1. Temperature

i h e  desired accuracy for  t empera ture  is 0. 1-( . The accuracy of t empera tu re

measurement  is determined b y th ree  fac tors  - the sensor accuracy at convert-

ing from tempera ture  to resistance change , the accuracy of the voltage-to-

frequency converter , and , f inal l y, the accuracy of the f requency decoding in

the ground station. The accuracy of the t empera ture  sensors are not defined

so that  sources of e r ro r  wiU be excluded . At 0°C , a t empera tu re  change of

1°C produces a f r equency  change of 17 her tz . Based on a ful l-scale  oscillator

output of 2 , 000 her tz , this  is jus t  less than 0. 1 percent of the f requency  range

per 1/ 10°C temperature  change . As shown previously ,  the oscillator accur-

acy is about 0. 1~~~C using the correct ion factor to the t ransfe r funct ion to
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allow for the 0. 3 percent curve nonlinearity. Based on these figures, a tem-
perature accuracy of 0. 1°C would be difficult . A more achieveable figure
would be 0. 15-0. 2°C .

2 . Pressure Accuracy

The desired pressure accuracy is 1 inillibar. The overall minisonde accuracy
- 

: is determined by two factors; the accuracy of the barometer at converting from
pressure to voltage and , secondly, the accuracy of the voltage-to-frequency
converter. The short-term accuracy and hysteresis of of the solid-state
barometer have been shown to be less than 0. 25 millibar . Based on the baro-
meter measurements, it would appear that the barometer could be calibrated
to an accuracy of 1-2 millibars.

One millibar is 0. 1 percent of the total range of 1, 000 millibars. The voltage-
— to-frequency converter has an accuracy of 0. 1 percent which corresponds to

another error of 1 millibar. The combination of these two would indicate a
minisonde pressure accuracy of 2-2 . 5 millibars,

L

I 

3 . Humidity

The desired requirements are for a 5 percent relative humidity accuracy.
Since the voltage-to-frequency converter is much more accurate than 5 per-
cent , most of the accuracy will be determined by the carbon hygristor itself.
Five percent should be an achieveable accuracy for the hygristor.

4. Battery

The desired requirements are for a battery that will power the minisonde for
a flight of up to 30 minutes . During the fli ght tests, a battery lif e of 15 mm -’
utes was achieved, In Section 11. E , several modifications were suggested

80 
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such as the addition of a f i f th  cell to the bat tery ,  warming the ba t t e ry  by a
small heater, and modif ying the circuit  to tolerate lower end of l i f I - volt~i g - .
These modifications would improve the ba t te ry  life. The bat tery curves
indicate that  these modificat ions will  give a minisonde operating lifetime of
greater than 30 minutes .

5. Transmitter  Requi rements

— 
The desired requirements for  the t ransmit ter  are that the t ransmi t te r  tele-
meter reliable data over a range of 25 miles . Based on the calculations in
Section II . D, a range of 25 mile s is readil y achievable . In the field tests , a
steady telemetry transmission was received for 30-60 minutes . Based on a
launch wind veloci ty of about 20 miles per hour  and the probabili ty of higher
wind velocities at al t i tude , this  would indicate an operating range of 10 or 15
miles, even with the severely reduced bat tery  voltage. The reduced voltage

cc; would have reduced the t ransmi t te r  powe r output by 6 decibels or more.
These tests would indicate that  a range of 25 miles is achievable wi th  th is
t r ansmi t t e r .

L
6. Balloon Requirements

The desired requ i rement s  are for  a balloon which , when inflated to a diameter
of 30 inches, will rise wi th  the nu in isonde at tached at a rate of 1, 000 feet  per
minute  and will reach an a l t i tude  of 20 , 000 feet or greater . 1o i l lu s t r a t e  the
balloon and minisonde ascent rate , a l t i tude ve r sus  time data for  each of the
three minisonde launches are plotted in Figures  51, 52 , and 53 . These show
an ascent rate of 500-700 feet per minute. This would indicate that  the balloon
and minisonde are capable of an ascent rate of approximately 600 feet per
minute .  These curves  show tha t  the  min isonde ascended about  10, 000 feet in
the f i r s t  15 minu tes  of f l ight  since data were received for  30 minu tes  or more .
This  would indicate that  the min isonde  cont inued on to 20 , 000 feet or bet ter .
Thus , the maximum minisonde height should be grea ter  than 20 , 000 feet .

- t 
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7. Package

The desired requirements for a package to house the minisonde require that
the package provide adequate air flow for the sensors and include radiation
and range shielding. The package should be easy to handle and provide  ph ys-
ical protection for the sensors, and the maximum weight of the package
including the balloon should be 100 grams . The minisonde provides air flow
to the sensors equivalent to the present heavier radio wind ( rawin)  sondes .
The cover provides radiation and rain shielding for the humid i ty  sensor and
pressure sensor. For this concept demonstration, the tempera ture  sensor
was exposed to direct sunlight radiation , which is consistent with present
sonde practice. In the f inal  desi gn , radiation shielding will be p rov ided .  The
minisonde package is small , but  rugged enough to  wi ths tand  a 3-foot  drop .
Each of the sensors is covered or surrounded by ph ysical shielding. The
weight of the minisonde is 86 grams including ba t te ry .  With a 30-gram bal-
loon , the total  balloon train weight is 116 gram s.
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V . CONCLUSIONS AND RECOMMENDATIONS

Based on the results of these first models and tests, a minisonde can be
-
- 

constructed which will have the following characteristics:

• Temperature measurement accuracy - 0. 25 °C .

• Pressure measurement accuracy - 2 . 5 millibars .

• Hu midity accuracy - 5 percent relative humidity .

• Battery life - 30 minutes.

• Telemetry rang e - 25 miles.

• Balloon ascent rate - 600 feet per minute.

• Maximum altitude - >20 , 000 feet.

• Minisonde weight excluding balloon - 86 grams.

- - 
This progra m has demonstrated that it is possible to build a small, light-weight
minisonde for use in index of refraction measurements. The balloon for this
minisonde is small enough that it can be filled within a room and carried out

throug h a standard door . The main purpose of this progra m was to demon-

strate that , using modern technology, a small, light-weight balloon-borne
minisonde could be assembled in practical hardware. This objective has been

accomplished .

¶ - 

The conceptual development has been completed; however , there are several

tasks that need to be accomplished before a finished minisonde is ready for
production. Full scale models must be developed which require fur ther

effort . More work must be done on the battery to obtain the desired 30-minute

operating lifetime. The package should be redesigned to reduce its weight and
increase its strength . The present package requires too much manual labor

for assembly so the package should be designed for easy assembly. Addi-

tional design is required to provide the maximu m sensor and encoding accuracy.
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APPENDIX B
PERFOR MA NC E VER IFICATION OF G3004 TYP E CELLS

FROM A LOT OF 50 CELLS
BUILT 12 NOVEMBER 1976

-
- MATERIA L SUBMITTED

Six cells ( 11—4 1 , 11-42 , 11-47 , 11—48 , 11—49 , and 11-50) were discharged
for the purpose of performance verification by the Honeywell Power Sources
Center (PSC)•

BACKGROU ND

A request was made to provide the Honeywell Defense Systems Division
(DSD) with 40 cells for an application with the following general require-

• ments:

• A cell suitable to allow a stacked five-cell series connection
of a battery weighing less than 20 grams.

• Capability of providing 12 0-100 milliamperes for 1/2 hour
at ambient temperature (present electronics may only
require 100 milliamperes) .

• Minimum voltage end of life , 10 volts (2. 00 volts per cell).

The G3004 cell is a unit most closely meeting the above requirements ,
although designed to provide a continuous current density of 0. 344 milli-
ampere per square centimeter as compared with a maximum current density
of 4. 13 milliamperes ;. -3r square centimeter required by the new application .
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CONCLUSION

The cells built for this contract are similar in performance behavior to
previous G3004 cells and can meet the requirements of the new application
with the stack assembly recommendation described below.

PROCEDURE AND RESULTS

To allow easier interconnection o~ cells by the requestor , a small design
modification to the G3004 cell was required. Instead of having the leads pro-
truding from the cell pouch at 90 degrees from one another , it was agreed
that having leads protruding from the two opposing narrow ends was more
convenient . This was the only modification made. The electrodes were left
unchanged (see Figure B-I).

Fifty cells were built and activated (see Table B-i). Of these 50 cells, the
first 40 were shipped to DSD on 15 November 1976. The remainder were used
for the testing reported herein, including four cells put on storage inside a

‘S standard Marvelseal 360 pouch.

Three cells were discharged at an equivalent rate as required by the origina l
G3004 cell. The performance requirements for the previous G3004 cell were
as follows:

• Voltage - 6. 5 volts nominal (two cells in series)
4. 0 volts cutoff (minimum pulse voltage),

• Current - 5-milliampere maximum continuous operating
current

- 50-milliampere pulse current, 250 milliseconds
out of every 4 seconds and 5-10 seconds for
alarm signal.
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Figure B-i . G3004 Cell Modification

i t
102

~~~~~~~~~~~~~~ :: ~ ~~~~~~~~~~~~~~~~~



I

Table B-i . Modified G3004 Cell Open Circui t Voltage Test I)ata

Open Circuit Voltage (OCV) (Volts)

Cell Number At Activation After 72 Hours ~~~~~~~~~~

11—1 3.57 3. 49 3.48
11—2 3.64 3. 52 3.51
11—3 3.60 3.49 3 .49
11—4 3.65  3. 52 3.51
11—5 3.62 3. 51 3.49
11—6 3.60 3. 49 3.48
11—7 3. 62 3.49 3.49
11— 8 3. 65 3. 51 3.50
11— 9 3. 69 3. 55 3. 55

11—10 3.62  3. 51 3.51
i l - l i  3. 66 3. 53 3. 54
11-12 3.64 3.51 3. 51

11—13 3.58 3.46 3. 47

11— 14 3.61 3.49 3. 50

11— 15 3.68 3.52 3.53

11—16 3.64 3. 51 3.52
11— 17 3.60 3.48 3.49

11—18 3 .66 3 . 51 3.51
11— 19 3.6 1 3.49 3.50
11— 20 3. 62 3. 48 3.49
11—21 3 .65  3. 51 3. 50

I ‘ 

11— 22 3. 63 3. 51 3. 51
11—23 3.64 3. 52 3.51
11—24 3.60 3. 48 3. 48
11— 25 3.63 3. 51 3. 52

— 
(
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Table B-I . Modified G3004 Cell Open Circuit Voltage Test Data (Concluded)

Open Circuit Voltage (OCV) (Volts)

Cell Number At Activation After 72 Hours Quality Control
Fmal Inspection

11— 26 3. 62 3. 50 3. 50
11-27 3.60 3. 49 3. 49
11—28 3.65 3.51 3. 52
11—29 3. 60 3.49 3.48
11— 30 3. 63 3. 51 3, 51
11—31 3. 59 3.52 3. 53
11— 32 3. 59 3.47 3.48
11—33 3.62 3.49 3.48
11—34 3. 65 3. 51 3.51
11—35 3. 68 3. 54 3.54
11— 36 3.61 3. 50 3.49
11— 37 3. 6 2  3.48 3.48
11—38 3. 63 3. 50 3. 51
11—39 3.65 3. 54 3. 54
11—40 3. 58 3. 47 3.47
11—41 3. 59 3.48 3. 48
11—42 3.61 3.47 3.48
11—43 3. 60 3. 48 3.49
11-44 3. 60 3.48 3.48
11—45 3 61 3. 51 3. 50
11—46 3. 62 3.49 3. 49
11—47 3 .62 3.51 3. 51
1. 1—48 3. 55 3. 47 3.47
11—49 3.60 3. 50 3.49
11—50 3. 60 3.48 

— 
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• Operating Life - 8 hours minimum (12 hours desirable at or
above freeqing temperatures) .

• Shelf Life - 1 year (design goal) at room temperature.

• Configuration - Maximum thickness = 0. 55 inch .
Area = not to exceed 3. 0 inches by 5. 0 inches.
As flexible as possible.

• Weight - As light as possible.

The cells discharged against this requirement were run at a constant resis-
tance of 295 ohms at room temperature, which provides lO-millianipere
current at 2. 95 volts.

The results are shown below :
Voltages Under Load

Time (Hours)

_________________  
5_

Cell 11-41~~ Cell 11-4 2 Cell 11-47 
~~e~~s

1 3.23  3. 2 3  3. 26 3.24
2 3. 18 3. 13 3. 19 3. 17
3 3. 09 3.07 3. 14 3. 10

4 3.07 3.8 4 3.02  2 .98
5 3. 01 2. 37 2. 89 2. 76
6 2.90 2.1 6 2. 7 5 2. 60
7 2. 67 2. 02 2 . 58 2. 41

8 2. 40 1. 89 2. 42 2. 24
9 2 .24  1.80 2. 26 2.10

10 2. 19 1. 73 2. 14 2. 02

11 2. 15 1.66 2. 04 1.9 5
12 2 .10 1.56 1.88 1. 85

13 2. 04 1.45 1.54 1.68
14 1,98 1. 34 1. 38 1.57
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Voltages Unde r Load
Time (Hours )

Cell 11-4 1 Cell 11-42 Cell 11-47

Lif e in
Hours to 13.7 7.1 11.3 10.7
2. 0 Volts

- - 

Capacity to 2. 0 Volts 0. 122 0. 068 0. 103 0. 098
(Ampere-Hours)
Efficiency in Percent(2 e) 61 34 51 49

The average voltages of the three cells were plotted as shown in Figure B-2 .

These cells met the previously established requirements; however , they fell

somewhat short of the desired life of 12 hours. Batteries (two G3004 cells
in series) built in the past demonstrated a 12-hour capability. The reason
for this shortfall is probably due to the slightly lower weights of cathodes in

- 
. this build as compared to the previous build (0. 201 versus 0. 237 ampere-

hour).

In other words, every 0. 01 ampere-hour represents a reduction of about
0. 53 hour of discharge time at the above efficiency of 49 percent .

Prorating the results on the basis of capacity results in an average run time
of (10. 7) (0. 237/0.  201) = 12. 6 hours, as was observed with previously built

G3004 cells.

Three cells (see Figures B-3, B-4 , and B-5) were discharged to approximate
the requirements of this build. Each cell was discharged at a constant resis-

tance of 22. 5 ohms. Their discharge times to a cutoff of 2. 00 volts ranged
from 33 minutes to 18 minutes, with an average of 26 minutes.
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DISCHARGE OF 03004 TY PE CELLS
CONSTANT RESISTANCE OF 295 OHMS (ROOM TEMPERATURE )
AVERAGE OF THREE CELLS

4 - 
AVERAGE CAPACITANCE 0 .201  AMPERE-HOUR 12 ’ EXCHANGE )

‘I’

— I I
2 4 6 8 10 12 14

DISCHARGE TIME HOURS

Figure B-2. Discharge Performance of Modified G3004
Cells (Average Voltage of Three Cells)

4
22.5-OHM CONSTANT RESISTANCE
ROOM TEMPERATURE

L 5 VOLTS FULL SCALE

F,,

37,5 ‘.II’,L TES

I I I I I
5 10 15 20 25 30 35 -~3

T IM E MIN~I T  ES

Figure 13-3 . Discharge Performance of ~\1odified G301J4
Cell Serial Number 11—4 3
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Figure B-4. Discharge Performance of Modified 03004
Cell Serial Number 11-49
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Fi gure 13-5 . Discharge Performance of Modified 03004
Cell Serial Number 11 50
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It should be noted here that all cells were discharged in an unconstrained

condition without any external pressure on the electrodes. Cells of this type

are typically sensit ive to electrode interface pressure. This becomes more

prom inent as the current density increases. The application for which this

cell lot is to be used requires a current density which is 4. 13/0 . 344 = 12 times

as high as for the original G3004 cell design.

It is felt that , when a five-cell stack is assembled from this lot and it is pro-

vided with a snugly fitting wrap such as tape , the battery will meet the re-

quired discharge time of 1/2 hour .

The weight requirement (less than 20 grams per battery) can only be

evaluated in a fully assembled condition; however , the weight of five cells

as shipped had a total weight of 17 grams.

I’
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APPENDIX C
RETEST OF G3004 TYPE CELLS FROM A LOT OF

50 CELLS BUiLT 12 NOVEMBER 1976

MATERLA L SUBMITTED

Four cells (11-31 and 11-32 returned by the Honeywell Defense Systems
Division (DSD), and 11-43 and 11-44 retained by the Honeywell Power Sources
Center (PSC).

BACKGROUND

Cells 11-31 and 11-32 were returned for evaluation to PSC in the light of cell
discharge tests conducted at DSD which showed performance less than cells
tested at PSC. A cell is required to have a run time of 30 minutes above
2. 00 volts under a load of 24 ohms constant resistance. To these two cells,
cells 11-43 and 11-44 were added. These were cells retained from the same
build at PSC and stored inside a Marvelseal 360 pouch, as is customary for
long-term storage of G3004 cells.

CONCLUSIONS

Two of four cells operated at 28 and 29. 9 minutes , respectively, which is
comparable to ten results previously obtained by PSC.

One cell operated at 20 minutes which is at the low end of test results pre-
viously obtained by PSC.
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Results to date indicate that the current required by this applica tion is
sufficiently high to affect efficiency and reproducibility.

One cell did not operate - post mortem analysis failed to determine the cause
of non-operation.

Open circuit voltage (OCV) readings with time indicated that no decay of the

units occurred.

PROCEDURE AND RESULTS

From Figures C-i , C-2 , and C-3 , representing discharge curves of three
cells run at DSD, it can be seen that cell life’ to 2. 00 volts under a load of
24 ohms constant resistance ranged from 15 to 8 minutes, as compared t o a

run time range of 33 to 18 minutes (22 . 5-ohm load) observed at PSC .

It is our understanding that the first two cells were discharged in an uncon-
strained condition, while the cell in Test Number 3 was run with some con-
straint; however , the compressive force is not known.

In order to duplicate the results obtained at DSD, cells 11-31 and 11-32 were
discharged at PSC under a load of 24 ohms constant resistance at room
temperature. To these , two additional cells , retained from the same build ,
were added. These last two cells had been stored in a Marvelseal 360 pouch
since 15 November 1976.

All cells were restrained by placing a plastic block having dimensions of
1-7/8 inches x 4 inches centrally on t op of each cell face . The block had a

weight of 230 grams.
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Figure C-i. Single-Cell Battery Voltage Versus Time,
24-Ohm Load, Test 1

~~~~~~~:MT )M ILL IAMP [RES)~~~~

0 ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ f I f~~~~~~~~~~~~~~~~~~~~~~ I I
0 2 4 I~ 8 10 12 14 16 18 20 22 ?4 26 28 30 3? 34 36 38TIME MINUTE S

Figure C-2. Single-Cell Battery Voltage Versus Time,
24-Ohm Load, Test 2
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• The discharge times of the four cells were as follows (see also Figures C-4

through C-7) :

Cell Number OCV Life to 2. 00 Volts
___________ 

(Volts) (Minutes)

• 11. 31 3. 57 0. 3
11—32 3. 53 20.0
11—43 3. 38 29.9
11—44 3.51 28.0

These cells were discharged at a 24-ohm constant resistance at room ambi-
en t te mperature. After  dischar ge of the cells, they were post mortemed in
orde r to inspect the components and then determine cause for the performance
of cell 11—31 .

• None of the cells had any pouch seal leaks . Cells 11-32 , 11-43 , and 11-44
showed no unusua l conditions except for a slight greenish cast on the cathode

surface in cell 11-32, which is indicative of some undischarged portion of the

active material . It was otherwise almos t black.

Cell 11-31 had a cathode which was essentially undischarged, which corre-

sponds to its performance. No discontinuities of leads or connections were

found. Adhesion of the cathode material to the collector was normal. Other

than the undischarged condition of the cathode , there was absolutely no unusual

characteristics within this cell. Due to the simplicity of this type cell , it is

unlikely tha i- a defect was overlooked in the post mortem analysis. The cause

of failure for this unit is unknown; however , it does not appear to have been

a condition within the cell.
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Figure C-6 . Discharge Performance of Modified 03004
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A f inal observation relative to OCV data is made below:

C 11 N mb OCV (Volts) OCV (Volts)e u er (PSC, 12 November 1976) (DSD, 3 December 1976)

11—i 3.48 3. 518
11—2 3. 51 3. 514
11—3 3.49 3. 508
11—4 3. 51 3. 523
11— 15 3. 53 3. 544
11—16 3. 52 3. 527
11—17 3.49 3. 518
11—18 3. 51 3.531
11—19 3. 50 3.5 21
11—20 3.49 3. 514

AU OCV readings made at the later date were equal to or higher than the
initia l readings. The significance of this is that , if cells show a rapid

• decline in OCV when in storage, it is indicative of an impairment such as
instability due to component contamination. It does not seem to be the case

.5 . with these cells.

I

I
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APPENDIX D
FIELD TEST PLA N

INTRODUCTION

Field tests are to be conducted in a field situation to determine performance
characteristics of the minisonde . These tests are being conducted as part

• of Contract N62269- 76-C-0368. The tests will be conducted at the Honeywell
Test Instruments Division , Annapolis , Maryland.

It is planned that the follow ing tests will be performed:

1. Launching of from one to five minisondes.

2. Receiving and recording minisonde in-flight transmitted data .

3. Partia l field reduction of transcribed transmission da ta to
determine performance characteristics.

TEST OBJECTIVES

The objective of these tests is to evaluate minisonde performance in a field
situation. The transmitted data from a launched sonde will be received,
demodulated, and recorded on magnetic tape to ensure a permanent record
and to allow later detailed evaluation of performance. A strip chart recorder
will be used during initial tape playbacks to allow a preliminary On-site
evaluation of transmitted data .
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TEST HARDWARE

Five mini-sondes capable of launch and one breadboard model. The bread-

board model will be wired for externa l power and will be used in setting up

the on-site instrumentation.

TEST SETUP

A suitable test site will be provided at the Honeywell Test Instruments
• • Division, Annapolis, Maryland. The test site will provide housing for instru-

mentation and suitable antenna placement. A block diagram of instrumenta-

tion is shown in Figure D-i. The received signals from the minisonde are

fed from the receiving antennas to receivers capable of demodulating the

telemetered signals. The demodulated signals are then fed into a tape re-

corder and recorded. A 1-kilohertz reference signal will also be fed into

the tape recorder for use in on-site preliminary data reduction. The demod-

ulated signals will also be monitored using a dua l trace oscilloscope to ensure

receiver tracking by visual means. The tape recorded data will then be

transcribed on a strip chart for preliminary on-sit e data reduction.

TEST SCHEDULE

I • The following test schedule is contingent on all tests being completed in 4

calendar days. If 4 days are not sufficient, the number of launches and /or
data reduction will be completed on a priority basis as determined by the

customer representative and the tnini-sonde Project Engineer.

1. Monday, 14 February 1977 - Unpack instrumentation and set

up at test site. Prelim inary checkout of instrumentation.
Test plan objectives will be correlated with Honeywell repre-

sentatives at Annapolis.

1 19
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• SCOPE
MONITOR

C O A X I A L  COAXIAL
CABLE CABLE

R E C O R D E R

1-KILOHERTZ C O U N T E ROSCILLATOR

H 
ATTENUATOR V I S I C O R D E R

STRIP CHART 4REDUCTION
NOTE ~ TRANSCRIPT ION AND REDUCTION OF DATA ARE POST FLIGHT PROCEDURES.

F i g u r e  D-i . Instrumentati on Setup

120
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2 . Tuesday, 15 February 1977 - Test site inspection and briefing

• for customer representative.

3. Wednesday, 16 February 1977 - Launch two minisondes, one

• in the morning and one in the afternoon. Preliminäi’y inspec-
tion and reduc t ions of data .

4. Thursday, 17 February 1977 - Launch two minisondes in the ’

• morning. Inspect data packup instrumentation. Conclusion of
testing.

H
SPECIAL NEEDS AT TEST SITE

1. Hous ing for instrumentation - 115 VAC electrical power outlets.

2. Bottled helium with regulator for filling balloons .

3. Backup receiver - Nems-Clarke Model R 1037F or equivalent .

4. Suitable antenna mount .

DETAILED LAUNCH PROCEDURE

Pre-Launch

14 
1. Instrumentation warmup.

2. Set receivers to approximate setting for minisonde to be

launched.

3. Set reference signa l to 1 kilohertz

4 . Check recorder.

a. Set at 7-1/2 inches per second.

b. Open “mike. ”

c. Check outputs for proper operation .
121
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5. Open up and insert hygristor , tie dow n top.

6. Fill balloon to achieve an ascent rate of 1000 feet per minute.

Launch

1. Insert switch pin to apply power to sonde.

2. Check receivers for tuning of demodulated signals - maximum

signal strength and audio.

3. Turn on tape recorder.

4 . Check visual monitor (scope) for fine tuning of demodulated

signal.

5. Record ambient baseline data - approximately 10 seconds.

6. Release sonde at T0.

7. Observe visual monitor and retune receivers as necessary

dur ing flight.

8. Maintain audio portion of tape to indicate times from T0 and

pertinent details of flight.

Post Launch

1. Properly mark and identify magnetic tapes as to place, date,

tape number (flight number), sonde number , recorded speed ,

and channel information.

122
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2. Enter any and all information pertinent to test in the data
book.

3. Transcribe recorded data .

a. Tape recorder set at 1-7/8 inches per second (slowest
speed).

b. Chart recorder at 25 inches per second.

c. Attenuate tape outputs to obtain deflection of 1-2 inches
on visicorder.

4. Reduce strip chart data - Refer to step 2.

123
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